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TITLE OF THE INVENTION 

DISPLAY SYSTEM 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001] The present invention relates to display systems and, 
more specifically, to a display system including a projector and 
a screen which are mounted on a vehicle so that the projector emits 
a light beam representing an image onto the screen. 
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Description of the Background Art 
[0002] In recent years, there have been increasing needs to 
enjoy entertainment such as videos inside or around a vehicle 
irrespectively of time and place. In order to fulfill such needs, 
15 the development of a vehicle -mounted display system in which a 
projector emits a light beam representing an image onto a screen 
has accelerated. Hereinafter, three examples of a conventional 
display system are described. 

[0003] A first display system includes a projector and an 
20 interior screen which are mounted inside a vehicle , and an exterior 
screen which can be installed outside the vehicle. The projector 
is mounted on a ceiling of the vehicle so as to rotate approximately 
about the vertical axis. Specifically, if a viewer desires to 
watch a video on the interior screen, a projection lens of the 
25 projector is directed to the interior screen. On the other hand, 
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if the viewer desires to watch a video outdoors by using the exterior 
screen, the projection lens is directed to the exterior screen. 
[0004] In the first display system, however, the viewer has 
to install the exterior screen outside the vehicle before enjoying 
video. Moreover, the viewer also has to set the projector as 
required so that video is appropriately displayed on the exterior 
screen . In this way , the viewer is sub j ect to burdensome operations 
whenever installing the exterior screen. 

[ 0005 ] A second display system includes a projector and a screen 
which are mounted inside a vehicle. The projector is mounted 
typically on a ceiling of the vehicle . The screen reflects a light 
beam emitted from the projector, thereby presenting video to the 
viewer . 

[0006] Generally speaking, however, vehicles have transparent 
windows which occupy a larger proportion of the inner space than 
those of airplanes or trains do . In other words , relatively more 
external ambient light enters inside the vehicle. Such external 
ambient light makes it difficult for the viewer to view the video 
presented by the second display system. 

[ 0007 ] A third display system includes a liquid crystal display 
device mounted inside a vehicle and a half mirror. The liquid 
crystal display device is mounted near a center portion of a ceiling 
of the vehicle so that the display surface of the liquid crystal 
display device is oriented downward approximately in a vertical 
direction for displaying images . The half mirror is mounted below 



the liquid crystal display device so that the surface of the half 
mirror is positioned at an angle of 45 degrees with respect to 
the display surface of the liquid crystal display device. This 
half mirror reflects the images displayed by the liquid crystal 
5 display device to the back seat in the vehicle, and also allows 
light to pass therethrough. In the above- structured third display 
system, a viewer sitting in the back seat views the images reflected 
by the half mirror. Furthermore, since the half mirror also 
transmits light, the viewer sitting in the back seat can also view, 

10 through the half mirror, the situation ahead of the vehicle beyond 
the windshield of the vehicle (specifically, a sight and/or the 
state of traffic) . Still further , a driver can check a rear portion 
in the vehicle or behind the vehicle by viewing images reflected 
by the room mirror through the half mirror. 

15 [0008] According to the above -structured third display system, 
emitted light (that is, images) from the liquid crystal display 
device is directed to the surface of the half mirror at an angle 
of incidence of approximately 45 degrees. Furtheirmore , with the 
reflective characteristic of the half mirror, approximately half 

20 of the incident light is reflected to the back of the vehicle, 
and the remaining half to the bottom thereof. With a combination 
of the liquid crystal display device and the half mirror described 
above, the viewer sitting in the back seat views virtual images 
of the images displayed on the liquid crystal display device through 

2 5 the half mirror. 



is 

In the third display system, however, even when the 
viewer sitting in the back seat does not want to see images, the 
half mirror is always located in front of the viewer, thereby 
detrimentally affecting the comfort of the viewer in the vehicle. 
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SUMMARY OF THE INVENTION 

[0009] Therefore, a first object of the present invention is 
to provide a display system which allows easy image viewing outside 
a vehicle. 

10 Also, a second object of the present invention is to 

provide a display system capable of providing images which are 
easy to view inside a vehicle. 

Furthermore, a third object of the present invention 
to provide a display system which does not detrimentally affect 

15 the comfort of a viewer sitting in the back seat of a vehicle. 
[0010] In order to attain the above first object, a first aspect 
of the present invention is directed to a display system including: 
a projector mounted inside a vehicle for emitting a light beam 
generated based on an image signal toward an opening formed at 

20 a portion near a rear end of the vehicle; an exterior screen 
extendable toward the opening and made of a material having low 
stiffness for displaying an image by allowing the light beam emitted 
by the projector to pass therethrough while being extended toward 
the opening; and a housing unit mounted on or near one of a rear 

25 hatch and a back door of the vehicle for accommodating the exterior 



screen. 

[0011] In order to attain the above second object, a second 
aspect of the present invention is directed to a display system 
including: a projector mounted inside a vehicle for emitting a 
5 light beam generated based on an image signal; a screen for 
displaying an image by allowing the light beam emitted by the 
projector to pass therethrough or reflecting the light beam; and 
a light shield having a surface which forms a predetermined angle 
with respect to the screen. 

10 [0012] In order to attain the above third object, a third aspect 
of the present invention is directed to a display system including: 
a projector mounted inside a vehicle for emitting a light beam 
generated based on an image signal; a screen mounted inside the 
vehicle for displaying an image by reflecting the light beam emitted 

15 by the projector; a supporting member for rotatably supporting 
the screen; a reflecting member mounted inside the vehicle for 
reflecting the light beam reflected by the screen toward a rear 
seat of the vehicle; and a detector for detecting a rotation angle 
of the screen. Here, the projector includes: an image deforming 

20 unit for deforming the image based on the rotation angle detected 
by the detector and a position of the screen; and an optical system 
for generating a light beam based on the image deformed by the 
image deforming unit and emitting the light beam. 

These and other objects, features, aspects and 

25 advantages of the present invention will become more apparent from 



the following detailed description of the present invention when 
taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
5 [0013] FIG. 1 is a schematic view illustrating the entire 
configuration of a display system according to a first embodiment 
of the present invention, 

FIG, 2 is a schematic view of an interior screen device 2 
illustrated in FIG. 1 when not in use, viewed from the right rear 
10 angle of a vehicle A, 

FIG . 3 is a schematic view of the interior screen device 2 
illustrated in FIG. 1 when in use, viewed from the right rear angle 
of the vehicle A. 

[0014] FIG. 4 is a schematic view of an exterior screen device 3 
15 illustrated in FIG. 1 when not in use, viewed from the left rear 
angle of the vehicle A. 

FIG. 5 is a schematic view of the display system 
illustrated in FIG. Iwhenviewedfromtheleft side of the vehicle A, 
FIG. 6A is a bottom view of the exterior screen device 3 
20 illustrated in FIG. 1 approximately vertically viewed from the 
bottom. 

FIG, 6B is a front view of the exterior screen device 3 
illustrated in FIG, 1 viewed from the front. 

[0015] FIG. 7A is a bottom view of the exterior screen device 3 
25 approximately vertically viewed from the bottom when an exterior 

6 



screen 32 illustrated in FIGS. 6A and 6B is removed, 

FIG. 7B is a front view of the exterior screen device 3 
viewed from the front when the exterior screen 32 illustrated in 
FIGS. 6A and 6B is removed. 
5 FIG. 7C is a partial section view of the exterior screen 

device 3 along a plane J- J' illustrated in FIG. 7B when viewed 
in a direction of an arrow K. 

[0016] FIG. 8A is a schematic illustration around a rotating 
mechanism 35L illustrated in FIGS. 7A through 7C when viewed from 
10 the rear of the vehicle A. 

FIG. 8B is a schematic illustration around the rotating 
mechanism 35L illustrated in FIGS. 7A through 7C when viewed from 
the left of the vehicle A. 

[0017] FIG. 9A is a schematic illustration showing a fixing 
15 member 4 in the course of extracting the exterior screen 32 

illustrated in FIG. 5. 

FIG. 9B is a schematic illustration showing the fixing 

member 4 after the exterior screen 32 illustrated in FIG. 5 has 

been completely extracted. 
20 [0018] FIG. 10 is a schematic illustration showing a state after 

the exterior screen 32 illustrated in FIG. 5 has been completely 

extracted . 

FIG. 11 is a schematic illustration showing a first 
exemplary modification of the exterior screen device 3 illustrated 
25 in FIG. 1. 



FIG. 12 is a schematic illustration showing a second 
exemplary modification of the exterior screen device 3 illustrated 
in FIG. 1. 

[0019] FIG. 13A is a schematic illustration showing another 
5 exemplary structure of the rotating mechanism 35L illustrated in 
FIGS. 8A and 8B. 

FIG. 13B is a schematic illustration around the rotating 
mechanism 35L illustrated in FIG. 13A when viewed from the left 
of the vehicle A. 
10 FIG. 14A is a schematic illustration of the entire 

configuration of a display system according to a first exemplary 
modification of the first embodiment. 

FIG. 14B is a schematic illustration showing a state 
in which a projector 1 illustrated in FIG. 14A is in use. 
15 [0020] FIGS. 15A and 153 are schematic illustrations showing 
other installation examples of the exterior screen device 3 
illustrated in FIG. 14A. 

FIG. 16A is a schematic illustration showing the entire 
configuration of a display system according to a second exemplary 
20 modification of the first embodiment. 

FIG. 16B is a schematic illustration showing a 
projector 1 illustrated in FIG. 16A in use. 

[0021] FIG. 17 is a schematic illustration showing the entire 
configuration of a display system according to a third exemplary 
25 modification of the first embodiment. 
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FIG, 18 is a schematic illustration showing the entire 
configuration of a display system according to a forth exemplary 
modification of the first embodiment. 

FIGS. 19A and 19B are schematic illustrations showing 
5 the entire configuration of a display system according to a fifth 
exemplary modification of the first embodiment. 
[0022] FIG. 20 is a schematic diagram illustrating the entire 
structure of a screen device according to a second embodiment of 
the present invention. 
10 FIGS. 21A through 2 ID are schematic illustrations 

showing an operation of the screen device according to the second 
embodiment . 

FIGS. 22A and 22B are schematic illustrations showing 
the structure of a screen device according to a first exemplary 
15 modification of the second embodiment. 

[0023] FIGS. 23A through 23E are schematic illustrations 
showing an operation of the screen device illustrated in FIGS. 22A 
and 22B. 

FIGS. 24A and 24B are schematic illustrations showing 
20 the structure of a screen device according to a third exemplary 
modification of the second embodiment. 

[0024] FIGS. 25A and 25B are schematic illustrations showing 
the structure of a screen device according to a third exemplary 
modification of the second embodiment . 
25 FIG . 26 is a schematic illustration showing the structure 
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of a screen device according to a fourth exemplary modification 
of the second embodiment. 

[0025] FIGS. 27A through 27D are schematic illustrations 
showing the structure of a screen device according to a fifth 
5 exemplary modification of the second embodiment. 

FIGS. 28A and 28B are schematic illustrations showing 
the structure of a screen device according to a sixth exemplary 
modification of the second embodiment. 

[0026] FIGS. 29A through 29D are schematic illustrations 
10 showing other exemplary structures of the screen device illustrated 

in FIGS. 28A and 28B. 

FIGS. 30A and SOB are schematic illustrations showing 

the structure of a screen device according to a seventh exemplary 

modification of the second embodiment. 
15 [0027] FIGS. 31A through 31C are schematic illustrations 

showing the structure of a screen device according to an eighth 

exemplary modification of the second embodiment. 

FIGS. 32A and 32B are schematic illustrations showing 

the structure of a screen device according to a ninth exemplary 
20 modification of the second embodiment. 

[0028] FIGS. 33A through 33C are schematic illustrations 

showing the structure of a screen device according to a tenth 

exemplary modification of the second embodiment. 

FIGS. 34A and 34B are schematic illustrations showing 
25 the structure of a screen device according to an eleventh exemplary 
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modification of the second embodiment. 

[0029] FIGS. 35A and 35B are schematic illustrations showing 
other exemplary structures of the screen device illustrated in 
FIGS. 34A and 34B. 

FIGS. 36A through 36C are schematic illustrations 
showing the structure of a screen device according to a twelfth 
exemplary modification of the second embodiment. 

FIGS. 37A through 37C are schematic illustrations 
showing the structure of a screen device according to a thirteenth 
exemplary modification of the second embodiment. 
[0030] FIG. 38 is a schematic illustration showing the entire 
configuration of a display system according to a third embodiment 
of the present invention. 

FIG. 39 is a perspective view of a part of the display 
system illustrated in FIG. 38 when viewed from the left rear angle 
of a vehicle A. 

FIGS. 40 through 42 are schematic illustrations showing 
other exemplary structures of the display system illustrated in 
FIG. 38. 

[0031] FIG. 43 is a schematic illustration showing the structure 
of a display system according to a first exemplary modification 
of the third embodiment . 

FIG. 44 is a perspective view of the display system 
illustrated in FIG. 43 when viewed from the left rear angle of 
the vehicle A. 



FIGS. 45A and 45B are schematic illustrations showing 
other exemplary structures of the display system illustrated in 
FIG. 43. 

[ 0032 ] FIG . 46 is a schematic illustration showing the structure 
5 of a display system according to a second exemplary modification 
of the third embodiment . 

FIG. 47 is a perspective view of the display system 
illustrated in FIG. 46 when viewed from the left rear angle of 
the vehicle A. 

10 FIG . 48 is a schematic illustration showing the structure 

of a display system according to a third exemplary modification 
of the third embodiment . 

[0033] FIG. 49 is a perspective view of the display system 
illustrated in FIG. 48 when viewed from the left rear angle of 
15 the front seat of the vehicle A. 

FIG . 50 is a schematic illustration showing the structure 
of a display system according to a fourth exemplary modification 
of the third embodiment . 

FIG. 51 is a block diagram illustrating the structure 
20 of a display system according to a fifth exemplary modification 
of the third embodiment . 

[0034] FIG. 52 is a schematic illustration showing an image 
deforming process when a reflecting member 100023 illustrated in 
FIG. 51 stands still at a reference position. 
25 FIG. 53 is a schematic illustration showing an image 
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deforming process when the reflecting member 100023 illustrated 
in FIG. 51 rotates. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
5 [0035] (First embodiment) 

FIG. 1 is a schematic view illustrating the entire 
configuration of a display system according to a first embodiment 
of the present invention. For the sake of convenience of 
description, FIG. 1 also shows an orthogonal coordinate system 
10 having an X axis indicative of a traveling direction of a vehicle A, 
a Y axis indicative of a right-hand direction with respect to the 
traveling direction of the vehicle A, and a Z axis indicative of 
a vertical direction. 

[0036] In FIG. 1, the display system is mounted typically on 
15 the vehicle A having a back door B or a rear hatch B. Examples 
of the vehicle A includes a sedan with five doors, a station wagon 
(estate car) with five doors, an SUV (Sports Utility Vehicle), 
and a four-wheel drive car. The display system provides images 
to a viewer sitting in a rear seat E of the vehicle A or a viewer 
20 outside the vehicle A. 

[0037] In order to provide images , the display system includes 
a projector 1, an interior screen device 2, an exterior screen 
device 3, and a fixing member 4, which is not shown in FIG. 1 but 
is shown in FIGS. 9A and 9B. 
25 [0038] The projector 1 is mounted on a ceiling C inside the 
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vehicle. A more specific mounting position of the projector 1 
largely depends on a mounting position of the interior screen 
device 2 • In the present embodiment , the projector 1 is positioned 
near a point which is located approximately directly above a front 
5 seat D on a line formed by the longitudinal plane of symmetry (not 
shown) of the vehicle A and the ceiling C. Here, the longitudinal 
plane of symmetry is a vertical plane parallel to a Z-X plane and 
passing through a midpoint of a line connecting the rotational 
centers of the right and left wheels of the vehicle A. The 

10 projector 1 mounted at the above -described mounting position is 
accommodated in the ceiling C while not emitting a light beam L 
(hereinafter referred to as "when not in use") (refer to FIG. 2) . 
Immediately before emitting the light beam L, a projection lens 
(not shown) of the projector 1 is automatically moved so that an 

15 optical axis of the projection lens is oriented to either one of 
predetermined two directions (refer to FIG. 3 or FIG. 5). 
[0039] After the projection lens has been properly positioned 
(hereinafter referred to as "when in use"), the projector 1 
receives an image signal generated by an external video source. 

20 Examples of the video source typically include a DVD (Digital 
Versatile Disc) player, a BD (Bru-Ray Disc) player, and a game 
machine. A signal processing circuit included in the projector 1 
then performs a process typified by a gamma correcting process 
or a resolution correcting process on the received image signal 

25 to generate a drive signal for driving a built-in display device 



(not shown) , such as a liquid crystal panel. The projector 1 then 
drives the display device (not shown) with the generated drive 
signal. Furthermore, the display device is fed with unmodulated 
light generated by a light source (not shown) . The display device 
5 then uses the fed drive signal and unmodulated light to generate 
an optical signal representing an image. Note that the display 
device can also generate such an optical signal representing an 
image only from the fed drive signal. Then, the light beam L is 
emitted from the projection lens through an optical system (not 
10 shown) . 

[0040] Next, the interior screen device 2 is described below. 
FIG. 2 is a schematic view of the interior screen device 2 when 
not in use, viewed from the right rear angle of the vehicle A. 
FIG. 3 is a schematic view of the interior screen device 2 when 

15 in use, viewed from the right rear angle of the vehicle A. In 
these drawings, as with the projector 1, the interior screen 
device 2 is mounted on the ceiling C. Preferably, the interior 
screen device 2 is mounted at a position which is assumed to allow 
a viewer sitting in the rear seat E to easily view the images. 

20 By way of example, in the present embodiment, the interior screen 
device 2 is mounted at a position a predetermined amount away from 
the position of the projector 1 in the negative direction of the 
X axis . The interior screen device 2 includes an interior 
screen 21, an interior housing unit 22 , and a supporting member 23. 

25 [0041] As illustrated in FIGS. 2 and 3, the interior screen 21 



is a translucent screen having a size defined by design 
specifications . The interior housing unit 22 has a space allowing 
the interior screen 21 and the supporting member 23 to be 
accommodated therein. Also, the supporting member 23 is fixedly 
5 mounted inside the interior housing unit 22 along one side of the 
interior screen 21 so as to rotatably support the interior screen 21 
for rotation about an axis of rotation of the supporting member 23 . 
[0042] Next, the exterior screen device 3 is described below. 
FIG. 4 is a schematic view of the exterior screen device 3 when 
10 not in use, viewed from the left rear angle of the vehicle A. FIG. 5 
is a schematic view of the interior of the vehicle A when viewed 
from the left side of the vehicle A. 

[ 0043 ] As illustrated in FIGS . 4 and 5 , and as has been described 
above , the vehicle A includes the back door B or the rear hatch B . 

15 When the back door B or the rear hatch B is open, an opening G 
is formed according to the size of the back door B or the rear 
hatch B. Furthermore, with the back rest of the rear seat E and/or 
a rear seat F being tilted toward the front , a space is formed 
(refer to one-dot chain lines in FIG. 5) for an optical path from 

20 the projection lens of the projector 1 to the opening G. 

[0044] Also, the exterior screen device 3 is mounted inside 
the vehicle and near the opening G. In the present embodiment, 
by way of example only, the exterior screen device 3 is mounted 
at a position which is located near the upper end of the opening G 

2 5 so as not to obstruct opening and closing of the back door B or 



the rear hatch B, 

[0045] FIG. 6A is a bottom view of the exterior screen device 3 
approximately vertically viewed from the bottom, FIG. 6B is a 
front view of the exterior screen device 3 from the front . FIG. 7A 
5 is a bottom view of the exterior screen device 3 viewed 
approximately vertically from the bottom when the exterior 
screen 32 is removed. FIG. 73 is a front view of the exterior 
screen device 3 viewed from the front when the exterior screen 32 
is removed. FIG. 7C is a partial section view of the exterior 
10 screen device 3 along a plane J- J' illustrated in FIG. 73 when 
viewed in a direction of an arrow K. 

[0046] In these drawings , the exterior screen device 3 includes 
an exterior housing unit 31 , an exterior screen 32 , a screen winding 
mechanism 33, loudspeakers 34L and 34R, and rotating mechanisms 

15 35L and 35R. 

[0047] The exterior housing unit 31 has a cylindrical or 
box- like outer shape. Also, the exterior housing unit 31 has a 
space H formed therein for accommodating the exterior screen 32 
and the screen winding mechanism 33 ( particularly refer to FIGS . 7 A 

20 and 7C) . Here, two inner surfaces of the exterior housing unit 31 
that are opposite to each other and are orthogonal to the Y axis 
are parallel to each other. These two inner surfaces each have 
thereon a hole whose diameter is approximately equal to that of 
a supporting member 331, which will be described further below, 

25 so as to position the supporting member 331 between these two 



surfaces . The holes of these surfaces are symmetric with respect 
to a center plane M-M' , which is located nearly equidistantly from 
the two surfaces and is parallel to the Z-X plane. Furthermore, 
the exterior housing unit 31 has an opening on the bottom surface 
5 externally oriented toward the negative direction of the Z axis 
in the exemplary case illustrated in FIG. 7A so that the exterior 
screen 32 can be extracted. 

[0048] The exterior screen 32 is a translucent screen made of 
a material of low stiffness, fitting into the opening G of the 
10 vehicle A, and extractable along the opening G (particularly refer 
to FIGS. 4 and 5) . 

[ 0049 ] The screen winding mechanism 33 includes , as illustrated 
particularly in FIGS . 7Aand7C, a supporting member 331 , two fixing 
members 332L and 332R, a connecting member 333, and two elastic 

15 members 334L and 334R. 

[0050] The supporting member 331 has an approximately 
cylindrical shape with a hole penetrating therethrough. Here, 
the length of the supporting member 331 in the Y axis direction 
is slightly longer than the exterior screen 32 , and is substantially 

20 equal to a distance between the two openings formed on both of 
the side surfaces of the exterior housing unit 31. Each end of 
the supporting member 331 is fitted into the relevant hole of the 
exterior housing unit 31, but is not fixed to the exterior housing 
unit 31. With this, the supporting member 331 is bridged between 

25 both side surfaces of the exterior housing unit 31, and is also 



rotatably supported by the exterior housing unit 31 for rotation 
about an axis of rotation of the supporting member 331 • Furthermore , 
a portion near one side of the exterior screen 32 is fixed to the 
curved surface of the supporting member 331 so as to be parallel 
5 to the Y axis . 

[0051] The fixing members 332L and 332R are identical in shape 
to each other, having an approximately cylindrical shape. The 
outer diameter of the bottom surface is substantially equal to 
the inner diameter of the supporting member 331 having an 

10 approximately cylindrical shape with a hollow. With the fixing 
member 332L being inserted in the penetrating hole of the supporting 
member 331, one base of the fixing member 332L is fixed to the 
relevant hole of the exterior housing unit 31. The fixing 
member 332R is fixed to a position symmetrical to the fixing 

15 member 332L with respect to the center plane M-M' . 

[0052] Furthermore, the connecting member 333 has an 
approximately cylindrical shape, with its outer diameter being 
substantially equal to the inner diameter of the penetrating hole 
formed in the supporting member 331. The connecting member 333 

20 is inserted in the penetrating hole of the supporting member 331 
and is fixed to the inner curved surf ace of the supporting member 331 
at a position so that a distance from one base of the connecting 
member 333 to one side surface of the exterior housing unit 31 
located along the Y axis is equal to a distance from the other 

25 base thereof to the other side surface. 



[0053] The elastic members 334L and 334R are cord-like or 
stick-like members that are made typically of synthetic resin or 
natural resin. The elastic member 334L is placed so as to bridge 
between one base of the fixing member 332L and one base of the 
5 connecting portion 333 so that one end of the elastic member 334L 
is fixed to the fixing member 332L and the other end thereof is 
fixed to the connecting member 333. The elastic member 334R is 
placed symmetrically to the elastic member 334R with respect to 
the center plane M-M' , with one end of the elastic member 334R 
10 being fixed to the fixing member 332R and the other end thereof 
being fixed to the connecting member 333. 

[0054] Next, the loudspeakers 34L and 34R are described below. 
The loudspeaker 34L is rotatably mounted to one side surface of 
the exterior housing unit 31 via the rotating mechanism 35L, which 

15 will be described further below. Here, one surface of the 
loudspeaker 34L opposite to the exterior housing unit 31 has a 
hole having a predetermine shape so as to allow the loudspeaker 34L 
to rotate. This hole will be described further below together 
with the rotating mechanism 35L. Also, the loudspeaker 34R is 

20 symmetric in shape to the loudspeaker 34L with respect to the center 
plane M-M' , and is rotatably mounted to a position symmetric to 
that of the loudspeaker 34L. These loudspeakers 34L and 34R each 
receives a sound signal generated by a device serving as a sound 
source , which is identical to the device serving as the video source . 

25 In each of the loudspeakers 34L and 34R, a signal processing circuit 



(not shown) incorporated therein performs a process, typified by 
a D/A converting process or an amplifying process, on the received 
sound signal, and then externally outputs the resultant signal. 
[0055] Next, the rotating mechanisms 35L and 35R are described 
5 below. FIG. 8A is a schematic illustration around the rotating 
mechanism 35L when viewed from the rear of the vehicle A. FIG. 8B 
is a schematic illustration around the rotating mechanism 35L when 
viewed from the left of the vehicle A. 

[ 0056 ] In these drawings , the rotating mechanism 35L includes , 

10 for example , a first member 351 and a second member 352 . The first 
member 351 and the second member 352 each includes a base 353 and 
a rotational shaft 354. The base 353 has a predetermined shape 
having a main surface and a rear surface which are approximately 
parallel to each other. The main surface of the base 353 has fixedly 

15 mounted thereon or formed thereon the rotational shaft 354. 

[0057] The rotational shaft 354 has two cylindrically- shaped 
members having different diameters but sharing the same center 
axis . The center axis of the rotational shaft 354 is perpendicular 
to the main surface of the base 353. Of these two members of the 

20 rotational shaft 354, the one more adjacent to the base 353 has 
a smaller diameter than that of the other member. 
1 0058 ] Here , the hole formed on the loudspeaker 34L is described 
below. In FIGS. 8A and 8B, both of the side surfaces of the 
loudspeaker 34L each have one hole having a shape identical to 

25 the outer shape of the rotational shaft 354. The two holes are 



formed so as to be opposite to each other. The rotational shaft 354 
of the first member 351 fits into one hole formed on the 
loudspeaker 34L, while the rotational shaft 354 of the second 
member 352 fits into the other hole. However, each hole of the 
5 loudspeaker 34L and the relevant rotational shaft 354 are not fixed 
to each other. With this, as for the first member 351, the rear 
surface of the base 353 is fixed to one side surface of the exterior 
housing unit 31. As for the second member 352, the rear surface 
of the base 353 is fixed to the vehicle A. Here, in the present 
10 embodiment, the rear surface of the base 353 is fixed near a pillar 
of the vehicle A. With this, the loudspeaker 34L is rotatably 
supported by the rotating mechanism 35L for rotation about the 
rotational axis 354. 

[0059] The rotating mechanism 35R is substantially identical 
15 in shape to the rotat ing mechanism 3 5L , and is mounted symmetrically 
to the rotating mechanism 35L with respect to the center plane 
M-M' (refer to FIG. 7A, for example). With this, the 
loudspeaker 34R rotates in a manner similar to that of the 
loudspeaker 3 4L . 

20 [0060] Next, the fixing member 4 is described. FIG. 9A is a 
schematic illustration showing the fixing member 4 in the course 
of extracting the exterior screen 32. FIG. 9B is a schematic 
illustration showing the fixing member 4 after the exterior 
screen 32 has been completely extracted . For the purpose of fixing 

25 the tip of the exterior screen 32 to the vehicle A, the fixing 



member 9 includes , by way of example only in the present embodiment , 
at least one pair (three pairs are shown in the drawings) of 
magnets 321 and 322 having different polarities. The magnet 321 
is fixedly mounted to the tip of the exterior screen. The 
5 magnet 322 is, on the other hand, mounted to the vehicle A near 
the opening G. By way of example only, in the present embodiment, 
the magnet 322 is mounted to the vehicle A at the lower edge of 
the opening G. Also, the magnets 321 and 322 of one pair are 
preferably located at approximately the same position on the X 

10 axis and the Y axis. That is, these magnets 321 and 322 of one 
pair are preferably located on a line parallel to the Z axis. 
[0061] With reference to the above drawings, the operation of 
the above -configured display system is described below, 
particularly with regard to a case where a viewer sitting in the 

15 rear seat E of the vehicle A views images. The loudspeakers 34L 
and 34R are preferably directed so as to output sound inside the 
vehicle A. Furthermore, the interior screen 21 rotates about the 
axis of the supporting member 23 to come down out of the interior 
housing unit 22 , and then stops moving at a point from which images 

20 can be provided to the viewer sitting in the rear seat E. Still 
further, the projector 1 performs various settings so as to 
appropriately project images to the interior screen 21 at rest. 
Upon completion of the above -described operation, as illustrated 
in FIG. 1, the projector 1 generates a light besun L based on the 

25 externally- supplied image signal, and then emits the light beam L 



to the interior screen 21. The emitted light beam L enters from 
the interior screen 21 from its rear surface opposite to the 
projection lens of the projector 1. The interior screen 21 allows 
the emitted light beam L to pass therethrough, and diffuses it 
5 from the main surface* The loudspeakers 34L and 34R produce sound 
based on the externally- supplied sound signal to a viewer (s) inside 
the vehicle A. With this, the viewer(s) can view the images and 
listen to the sound simultaneously. 

[0062] Next, description is made to a case where the viewer 
10 desires to view images outside the vehicle, typically, in a camping 
area. First, the viewer opens the back door B or the rear hatch B 
(refer to FIG. 4), and then pulls the exterior screen 32 out of 
the exterior housing unit 31 incorporated in the exterior screen 
device 3 from the bottom (refer to FIGS. 6A and 6B) . In the course 
15 of this procedure, the supporting member 331 rotates inside the 
exterior housing unit 31, and further the connecting member 333 
also rotates similarly . Here, the two fixing members 332L and 332R 
are fixed to the vehicle A. Therefore, the elastic members 334L 
and 334R bridged between the connecting member 333 and the fixing 
20 members 332L and 332R are twisted in the rotational direction of 
the connecting member 333. 

[0063] After pulling out and extending the exterior screen 32 
at the opening G (refer to FIG. 5), the viewer uses the fixing 
member 4 to fix the tip of the exterior screen 32 to the vehicle. 
25 Specifically, the viewer unites a pair of the magnets 321 and 322 



to each other. With these magnets 321 and 322 being attracted 
to each other, the exterior screen 32 is fixed. Here, the elastic 
members 334L and 334R are being twisted, thereby causing resilience . 
As a result, a force is exerted on the exterior screen 32 in the 
5 direction of the exterior housing unit 31. Furthermore, another 
force is exerted in the direction of the fixing member 4. With 
this, the exterior screen 32 is tightly extended with no slacking, 
as illustrated in FIG. 10. 

[0064] The loudspeakers 34L and 34R are directed preferably 
10 to a direction in which sound can be produced outside the vehicle. 
Furthermore, the projector 1 performs various settings so as to 
appropriately project images to the extended exterior screen 32. 
Upon completion of the above -described operation, as illustrated 
in FIG. 5, the projector 1 generates a light beam L based on the 
15 externally- supplied image signal, and then emits the light beam L 
toward the exterior screen 32. The emitted light beam L enters 
from the exterior screen 32 from its rear surface opposite to the 
projection lens of the projector 1. The exterior screen 32 allows 
the emitted light beeun L to pass therethrough and diffuses it from 
20 the main surface • The loudspeakers 34L and 34R produce sound based 
on the externally- supplied sound signal to a viewer(s) outside 
the vehicle A. With this, the viewer (s) can view the images and 
listen to the sound simultaneously. 

[0065] Also, after viewing the images, the viewer separates 
25 the magnets 321 and 322 from each other, and then takes his or 



her hands off the exterior screen 32. In response, the force 
exerted in the direction of the fixing member 4 stops working, 
and therefore resilience of the elastic members 334L and 334R takes 
effect. Consequently, the supporting member 331 of the exterior 
5 housing unit 31 rotates in a direction reverse to that at the time 
of extracting the exterior screen 32 , thereby causing the exterior 
screen 32 to retract into the exterior housing unit 31. 
[0066] As described above, according to the display device of 
the present invention, after opening the back door B or the rear 

10 hatch B of the vehicle A, all the viewer has to do is to extend 
the exterior screen 32 toward the opening G. This makes it possible 
to view images and videos in a manner easier than ever. 
[0067] Also, in the present embodiment, the back door B or the 
rear hatch B can prevent part of the external ambient light from 

15 impinging on the exterior screen 32. That is, the back door B 
or the rear hatch B serves as a light shield . With this , the display 
device according to the present embodiment can provide images that 
are easier to view. 

[ 0068 ] Furthermore , the display system according to the present 
20 invention includes the rotatable loudspeakers 34L and 34R. The 
orientations of these loudspeakers 34L and 34R can be changed 
depending on whether video is viewed inside or outside the vehicle . 
Therefore, it is possible to provide sounds that are easier for 
the viewer to listen to. Still further, with the orientations 
25 of these loudspeakers 34L and 34R being changed, people inside 



and outside can listen to the sounds output from these 
loudspeakers 34L and 34R even if the sound level is relatively- 
low - This also makes it possible to suppress power consumption 
in the display system. If the loudspeakers 34L and 34R are not 
5 rotatable , depending on the directivity of each of the loudspeakers 
34L and 34R, the sound level might have to be varied for a viewer 
outside or inside the vehicle. 

[0069] Still further, the magnet 321 is provided at one edge 
of the exterior screen 32 so as to engage with the magnet 322 provided 

10 on the bottom surface of the vehicle A. With this, a large area 
formed at the back of the vehicle when the back door B or the rear 
hatch B is open can be securely and stably covered by the exterior 
screen 32, thereby achieving projection of large-screen images 
on the exterior screen 32. 

15 [0070] Still further, in the present embodiment, the screen 
winding mechanism 33 is provided inside the supporting member 331 . 
This screen winding mechanism 33 uses the resilience of the twisted 
elastic members 334L and 334R to accommodate the exterior screen 32 
in the exterior housing unit 31. With this, it is possible to 

20 provide a display system that is easier to use ever. 

[0071] Still further, at the time of extracting the exterior 
screen 32, a portion near one side of the exterior screen 32 is 
fixed to the supporting member 331, while the other opposing side 
is fixed by the fixing member 4 to a portion located near the lower 

25 edge of the opening G. In the course of this extracting process. 



the resilience of the elastic members 334L and 334R can prevent 
slacking of the exterior screen 32. 

[0072] Still further, in the present embodiment, a liquid 
crystal projector is exemplarily used as the projector 1. This 
5 is not meant to be restrictive. Alternatively, a three tube 
projector or a DPL (Digital Light Processing) projector can be 
used. Furthermore, the projector 1 can be structured so as to 
be able to slide in the X axis direction along the ceiling C. With 
this, the size of the images displayed by the interior screen 21 

10 or the exterior screen 32 can be easily changed. Still further, 
with the projector 1 being structured so as to be able to rotate 
about the Z axis, restrictions on the position of the interior 
screen device 2 can be reduced. Still further, the projector 1 
can be placed outside the vehicle. In this case, however, the 

15 exterior screen 32 has to be a reflective -type screen. 

[0073] Still further, in the present invention, the exterior 
screen device 3 is placed so as to be bridged between the right 
and left pillars. This is not meant to be restrictive. As 
illustrated in FIG. 11, the exterior screen device 3 can be placed 

20 near a hinge attached to the rear hatch B or the back door B . Also , 
as illustrated in FIG. 12, the exterior screen device 3 can be 
accommodated in the lower edge portion of the opening G inside 
the vehicle. In this case, the exterior screen 32 is fixed in 
advance to the tip of the rear hatch B or the back door B. When 

2 5 the rear hatch B or the back door B opens upwardly, the exterior 



screen 32 is pulled out accordingly. Also, the loudspeakers 34 
can be mounted anywhere as long as it can produce sound to the 
viewer outside the vehicle . In an example illustrated in FIG. 12 , 
the loudspeakers 34 are mounted at one end of the back door B or 
5 the rear hatch B. 

[0074] Still further, in the exterior screen device 3, the 
exterior screen 32 is preferably perforated with many small holes 
for the purpose of suppressing fluttering of the screen due to 
wind. Also, the exterior screen 32 can be folded for accommodation 

10 in the exterior housing unit 31, instead of being wound up. 

[0075] Still further, in the present embodiment, the rotating 
mechanisms 35L and 35R are structured so as to be able to rotate 
360 degrees. Preferably, the rotating mechanisms 35L and 35R are 
structured so as to be able to rotate at angles from an angle 61 

15 up to an angle 62. Here, the angle 61 is selected so as to allow 
the loudspeakers 34L and 34R to be oriented to the inside of the 
vehicle A, while the angle 62 is selected so as to allow the 
loudspeakers 34L and 34R to be oriented to the outside of the 
vehicle A. FIG. 13A is a schematic illustration showing another 

20 exemplary structure of the rotating mechanism 35L viewed from the 
back of the vehicle A when the range of rotation is restricted. 
FIG. 13B is a schematic illustration around the rotating 
mechanism 35L viewed from the left of the vehicle A. 
[0076] In these drawings, the rotating mechanism 35L includes 

25 a first member 351 and a second member 352. The first member 351 



and the second member 352 are similar to those illustrated in 
FIGS. 8A and 8B except that each member further includes a 
stopper 355- Therefore, in FIGS. 13A and 13B, components 
corresponding to those illustrated in FIG. 8A and SB are provided 
5 with the same reference numerals, and are not described herein. 
[0077] Each stopper 355 has a partial-ring shape, for example, 
and is fixed to the curved surface of the rotational shaft 354 
with a center axis of the stopper 355 and the axis of the rotational 
shaft 354 matching each other. In the illustrated example, the 

10 center angle of the stopper 355 is approximately 90 degrees. 
[ 0078 1 Here , the hole formed on the loudspeaker 34L is described 
below. In FIGS. 13A and FIG. 13B, both of the side surfaces of 
the loudspeaker 34L each have formed thereon one hole having a 
shape identical to the outer shape of the rotational shaft 354. 

15 The two holes are formed so as to be opposite to each other. 
Furthermore, the side surfaces each have formed thereon another 
hole whose center axis and outer diameter approximately match with 
the axis of and the outer diameter of the rotational shaft 354 
and which has a partial-ring shape and a center angle larger than 

20 that of the stopper 355. Here, the center angle of the hole of 
the loudspeaker 34L is defined based on a maximum angle of rotation 
of the loudspeaker 34L. For example, in order to make the maximum 
angle of rotation of the loudspeaker 34L 90 degrees under a condition 
where the center angle of the stopper 355 is 90 degrees, the center 

25 angle of the hole of the loudspeaker 34L has to be 180 degrees. 



[0079] The first member 351 fits into one hole formed on the 
above -structured loudspeaker 34L, and the second member 352 fits 
into the other hole formed thereon. However, these holes on the 
loudspeaker 34L and the first and second members 351 and 352 are 
5 not fixed to each other . With this, the rear surf ace of the base 353 
of the first member 351 is fixed to the side surface of the interior 
housing unit 31, while that of the second member 352 is fixed to 
the vehicle A. Here, in the present embodiment, the rear surface 
of each base 353 is fixed to a position near the pillar of the 

10 vehicle A. Therefore, the loudspeaker 34L is rotatably supported 
by the rotating mechanism 35L for rotation about the rotational 
shaft 354 at angles up to the predetermined maximum angle. 
[0080] As described above, the rotating mechanism 35R is 
identical in shape to the rotating mechanism 35L, and is mounted 

15 symmetrically to the rotating mechanism 35L with respect to the 
center plane M-M' (refer to FIG. 7A, for example). 
[0081] The rotating mechanisms for rotating the loudspeakers 
34L and 34R are not restricted to the above -described rotating 
mechanisms 35L and 35R, but can have other various structures and 

20 modifications. For example, since the supporting member 331 
rotates until the exterior screen 32 is completely extracted and 
is then positioned by the fixing member 4, a force caused by the 
rotation of the supporting member 331 may be transferred to the 
loudspeakers 34L and 34R for rotation. Also, since the supporting 

25 member 331 rotates for accommodation of the exterior screen 32, 



the rotating mechanism 35L and 35R may use a force caused by the 
rotation of the supporting member 331 to rotate the 
loudspeakers 34L and 34R so as to orient these loudspeakers toward 
the inside of the vehicle. 
5 [ 0082 ] Alternatively , in accordance with the amount of rotation 
of the supporting member 331 detected by a sensor not shown, the 
rotating mechanisms 35L and 35R may rotate the exterior screen 32 
so as to orient it toward the outside or inside of the vehicle. 
[0083] Still further, in the present embodiment, the fixing 

10 member 4 includes the magnets 321 and 322 of different polarities. 
This is not meant to be restrictive . The fixing member 4 may include 
a pair of hooks or rings, one being attached to a position near 
the tip of the exterior screen 32 and the other being attached 
to the lower edge of the opening G or to the ground. Alternatively, 

15 the fixing member 4 can be a stake. In this case, a portion near 
the tip of the exterior screen 32 is fixed to the ground with the 
stake. 

[0084] Still further, in the present embodiment, when viewing 
the images outside the vehicle, the viewer views them from the 
20 back of the vehicle A. Therefore, while the exterior screen 32 
is in use, the muffler of the vehicle A is preferably directed 
toward the Y axis direction. 

[0085] Still further, in the present embodiment, while the 
exterior screen 32 is in use, it is preferable to prohibit the 
2 5 instrumental panel of the vehicle A from displaying any warnings 



and prevent the interior light from turning on. This can prevent 
interference of light from the instrumental panel and the interior 
light with respect to the light beam L emitted from the projector 1 . 
[0086] In the present embodiment, depending on whether to use 
5 the interior screen 21 or the exterior screen 32, it is required 
to change the focal point of the projector 1 and the size or 
orientation of images. However, if the position of the interior 
screen 21 and that of the exterior screen 32 are always constant 
when in use, the focal point or the size or orientation of images 

10 can be predetermined for each screen accordingly. Therefore, it 
is preferable to set values representing such predetermined focal 
point or the size or orientation as preset values in the projector 1 . 
By using appropriate preset values depending on which screen to 
be used for image presentation, the projector 1 processes image 

15 signals, and then emits the light beam L. 

[0087] Still further, in the present embodiment, the exterior 
screen 32 is extended toward the opening G at the back of the 
vehicle A. This is not meant to be restrictive. Alternatively, 
the exterior screen device 3 can be mounted so that the exterior 

20 screen 32 is extended toward an opening formed by opening a side 
door of the vehicle A. 

[0088] (First exemplary modification) 

FIG. 14A is a schematic illustration of the entire 
configuration of a display system according to a first exemplary 
25 modification of the first embodiment. FIG. 14A also shows the 



orthogonal coordinate system as illustrated in FIG. 1 for the sake 
of convenience of description. The display system of FIG. 14A 
is similar to that of FIG. lA except that the projector 1 is mounted 
at a different position and that the inside screen device 2 is 
5 not provided. Therefore, in FIG. 14A, components corresponding 
to those illustrated in FIG . lA are provided with the same reference 
numerals, and are not described herein. 

[0089] As has been described above, in the vehicle A in which 
the present display system can be mounted, the back rest of the 

10 rear seat F can be tilted forward, that is , in the X axis direction. 
In the present exemplary modification, the projector 1 is fixed 
at the rear surface of the back rest . Specifically, as illustrated 
in FIG. 14B, the projector 1 is mounted so that its projection 
lens is oriented to the extended exterior screen 32 with the back 

15 rest of the rear seat F being tilted. Therefore, the projector 1 
cannot be seen by the driver or fellow passengers when they are 
inside the vehicle A. Therefore, the projector 1 does not obstruct 
the driver and/or the fellow passengers when getting on or off 
the vehicle A, 

20 In the present exemplary modification, description has 

been made to a case where the exterior screen device 3 is mounted 
at the same position as that of the exterior screen device according 
to the first embodiment. This is not meant to be restrictive. 
Alternatively, as illustrated in FIGS. 15A and 15B, in a case of 

25 the rear hatch B, the exterior screen device 3 can be mounted at 



the tip of the rear hatch B so that the exterior screen 32 can 
be pulled down from the exterior screen device 3 to the ground 
when the rear hatch B is open. 

Also, in the present exemplary modification, the 
5 projection lens of the projector 1 is oriented to the opening G 
when in use . This is not meant to be restrictive . Alternatively , 
the projector 1 can be mounted so as to be oriented to a side door 
of the vehicle A, and also the exterior screen device 3 can be 
mounted directly above the side door. In this case, the viewer 

10 extends the exterior screen 32 toward an opening formed by opening 
the side door for viewing images • 
[0090] (Second exemplary modification) 

FIG. 16A is a schematic illustration showing the entire 
configuration of a display system according to a second exemplary 

15 modification of the first embodiment. FIG. 16A also shows the 
orthogonal coordinate system as illustrated in FIG. 1 for the sake 
of convenience of description. The display system of FIG. 16A 
is similar to that of FIG. 14A except that the projector 1 is mounted 
at a different position and that a reflecting unit 5 is further 

20 provided. Therefore, in FIG. 16A, components corresponding to 
those illustrated in FIG. lA are provided with the same reference 
numerals, and are not described herein. 

[0091] The reflecting unit 5 typically includes a total 
reflection mirror, and is mounted at a position from which the 
25 light beamL emitted from the pro jector 1 is reflected to the exterior 



screen 32 extended toward the opening G. An example of a typical 
mounting position of the reflecting unit 5 is the midpoint between 
two front seats D aligned along the Y axis in the vehicle A. 
Alternatively, the reflecting unit 5 can be mounted near a center 
5 console or on the ceiling C. 

[0092] In the present exemplary modification, the pro jector 1 
is fixed on the rear surface of the back rest or inside the back 
rest. Specifically, as illustrated in FIG. 16B, the projector 1 
is mounted so that its projection lens is oriented to the reflecting 
10 unit 5 when the back rest of the rear seat F is tilted. With this, 
the light beam L emitted from the projector 1 is reflected by the 
reflecting unit 5, and is then directed onto the exterior 
screen 32. 

[0093] As described above, according to the second exemplary 
15 modification, as with the first exemplary modification, the 
projector 1 does not obstruct the driver and/or a fellow 
passenger (s) when getting on and off the vehicle A. 
[0094] Furthermore, in the second exemplary modification, the 
reflecting unit 5 reflects the light beam L toward the exterior 
20 screen extended to the opening G. This is not meant to be 
restrictive. Alternatively, the reflecting unit 5 can be 
structured so as to reflect the light beam L toward an opening 
foinned by opening a side door of the vehicle A for extending the 
exterior screen 32. 
25 [0095] Still further, in the second exemplary modification. 



the display system may include the inside screen device 2 as 
described in the first embodiment. In this case, preferably, the 
projector 1 emits the light beam L toward the interior screen 21 
included in the interior screen device 2 after controlling an 
5 optical system for emitting the light beeun L, being changed in 
position. 

[0096] (Third exemplary modification) 

FIG. 17 is a schematic illustration showing the entire 
configuration of a display system according to a third exemplary 

10 modification of the first embodiment. FIG. 17 also shows the 
orthogonal coordinate system as illustrated in FIG. 1 for the sake 
of convenience of description. The display system of FIG. 17 is 
similar to that of FIG. 14A except that that a reflecting unit 6 
is further provided, that the projector 1 is mounted at a different 

15 position, and that the exterior screen device 3 has a different 
structure and different functions. Therefore, in FIG. 17, 
components corresponding to those illustrated in FIG. 14A are 
provided with the same reference numerals, and are not described 
herein . 

20 [0097] The reflecting unit 6 typically includes a total 
reflection mirror, and is mounted at a position from which the 
light beam L emitted from the projector 1 is reflected to a rear 
window N of the vehicle A. An example of a typical mounting position 
of the reflecting unit 6 is a position between the rear seat F 

25 and the ceiling C of the vehicle A. In order to mount the reflecting 



unit 6, the reflecting unit 6 and the ceiling C are preferably 
connected by a connecting member 61 . Furthermore, the reflecting 
unit 6 is rotatably supported by the connecting member 61 for 
rotation about the Y axis. 
5 [0098] In the present exemplary modification, the projector 1 
is fixed inside the back rest of the rear seat F. Specifically, 
as illustrated in FIG. 17, the projector 1 is mounted inside the 
rear seat F so that the projection lens of the projector 1 is oriented 
to the reflecting unit 6. Here, preferably, the projection lens 

10 is exposed at the back rest in order to secure an optical path 
from the projection lens to the reflecting unit 6. 
[0099] The exterior screen device 3 includes a translucent 
screen which also serves as the rear window N . Here , transmittance 
of visible light at such a translucent screen is restricted by 

15 relevant laws and regulations. 

[0100] In the above -structured display system, the light 
beans L emitted from the projector 1 is reflected by the reflecting 
unit 6, and is then projected to the translucent screen of the 
exterior screen 3 . The translucent screen allows the light beam L 

20 to pass therethrough and diffuses it, thereby displaying images 
toward the back of the vehicle A . Note that , owing to translucency , 
the translucent screen 3 of the exterior screen device 3 does not 
obstruct the rear visibility of the driver and the fellow 
passengers . 

25 [0101] As described above, according to the third exemplary 



modification, as with the first exemplary modification, the 
projector 1 does not obstruct the driver and/or the fellow 
passengers when getting on or off the vehicle A. 
[0102] (Fourth exemplary modification) 
5 FIG. 18 is a schematic illustration showing the entire 

configuration of a display system according to a forth exemplary 
modification of the first embodiment. FIG. 18 also shows the 
orthogonal coordinate system as illustrated in FIG. 1 for the sake 
of convenience of description. The display system of FIG. 18 is 

10 similar to that of FIG. 17 except that the interior screen device 2 
has a different structure and different functions. Therefore, 
in FIG. 18, components corresponding to those illustrated in 
FIG. 17 are provided with the scune reference numerals, and are 
not described herein. 

15 [0103] The interior screen device 2 includes the interior 
screen 21 which is typically a reflective screen and is mounted 
so as to be able to reflect the emitted light beam L toward the 
rear seat F. An example of a typical mounting position is the 
midpoint between two front seats D aligned along the Y axis . The 

20 mounting position of the interior screen device 2 is not restricted 
to the above , and can be appropriately determined for image display 
depending on the seat where the viewer is sitting. 
[0104] In the above -structured display system, before the 
projector 1 emits the light beeim L toward the interior screen 21, 

25 the reflecting unit 6 is set at a position allowing reflection 



of the light beam L toward the Interior screen 21 • Then, the 
projector 1 emits the light beam L. The emitted light beam L is 
reflected by the reflecting unit 6 toward the interior screen 21. 
As being a reflective screen, the interior screen 21 reflects and 
5 diffuses the incident light beam L, thereby displaying images to 
the viewer sitting in the rear seat F. 

[ 0105 1 A case where the projector 1 emits the light beam L toward 
the exterior screen 32 is similar to the case in the third exemplary 
modification, and therefore is not described herein. 

10 [0106] According to the fourth exemplary modification, by 
changing the position of the reflecting unit 6 , switching is made 
in the display system between the interior screen 21 and the exterior 
screen 32 for image display with the light beamL f rom the projector 1 . 
Alternatively, such switching can be made by controlling the 

15 optical system in the projector 1 to control the direction of 
emitting the light beeun L. In this case, the reflecting unit 6 
is not required. Furthermore, flexibility in the mounting 
position of the projector 1 can be increased. 
[0107] (Fifth exemplary modification) 

20 FIGS. 19A and 19B are schematic illustrations showing 

the entire configuration of a display system according to a fifth 
exemplary modification of the first embodiment . FIGS. 19Aand 19B 
also show the orthogonal coordinate system as illustrated in FIG . 1 
for the sake of convenience of description. The display system 

25 of FIGS. 19A and 19B is similar to that of FIG. lA except that 



the projector 1 is mounted at a different position and that the 
interior screen device 2 has a different structure and different 
functions. Therefore, in FIG. 19A, components corresponding to 
those illustrated in FIG. lA are provided with the same reference 
5 numerals, and are not described herein. 

[ 0108 ] The projector 1 is mounted between two rear seats aligned 
along the Y axis in the vehicle A so that the projection lens is 
oriented to the interior screen device 2. Preferably, the 
projector 1 is mounted at a position so as not to obstruct a viewer 

10 when getting on and off the vehicle, such as inside the arm rest. 
[0109] In the fifth exemplary modification , the interior screen 
device 2 is mounted at a position which is assumed to allow the 
viewer sitting in the rear seat F to easily view images (hereinafter 
referred to as a home position), for example, between two front 

1 5 seats G aligned along the Y direct ion in the vehicle A . The interior 
screen device 2 includes the interior screen 21 and a reflecting 
member 24. 

[0110] The interior screen 21 is a reflective screen having 
a size defined by design specifications , and is rotatably supported 

20 by the reflecting member 24 for rotation about the X or Y axis. 
[0111] The reflecting member 24 typically includes a total 
reflection mirror, and is mounted to a position so as to reflect 
the light beam L emitted from the projector 1 toward the exterior 
screen 32 extended toward the opening G. Specifically, the 

25 reflecting member 24 is mounted so as to allow an optical path 



from the reflecting member 24 to the exterior screen 32 to be secured 
with the back rest of the rear seat F being tilted. Also, in the 
fifth exemplary modification, the reflecting member 24 is mounted 
on the rear surface of the interior screen, that is , in the positive 
5 direction on the X axis, for supporting the interior screen 21. 
[0112] Next, the operation of the above- structured display 
system is described below. First, description is made to a case 
where the viewer sitting in the rear seat F of the vehicle A is 
going to view images. With the interior screen 21 being located 

10 at the home position, the projector 1 performs various settings 
so as to appropriately project images to the interior screen 21. 
Upon completion of this operation, as described in the first 
embodiment, the projector 1 generates a light beam L based on an 
externally- supplied image signal, and then emits the light beam L 

15 toward the interior screen 21. The emitted light beam L is 
reflectedanddiffusedby the interior screen 21 (refer toFIG. 19A) . 
With this , the viewer can view the images . 

[0113] Next, description is made to a case where the viewer 
desires to view images outside the vehicle , typically, in a camping 

20 area. First, the viewer opens the back door B or the rear hatch B 
(refer to FIG. 19B), and then extends the exterior screen 32 in 
the manner as described in the first embodiment . Then , the interior 
screen 21 is moved from the home position, thereby causing the 
reflecting member 24 to be exposed. In this state, the projector 

25 1 generates the light beam L based on an externally- supplied image 



signal, and then emits the light beam L toward the reflecting 
member 24. The emitted light beam L is then totally reflected 
by the reflecting member 24 and, consequently, is directed to the 
rear surface of the exterior screen 32. The exterior screen 32 
5 allows the incident light beam L to pass therethrough and diffuses 
it , thereby displaying images (refer to FIG. 19B). With this, 
the viewer can view the images even outside the vehicle A. 
[0114] In the fifth exemplary modification, in order to make 
the reflecting member 24 expose , the reflective interior screen 21 

10 can rotate around the X or Y axis . This is not meant to be restrictive . 
Alternatively, the interior screen 21 may be slidable in any one 
of the X axis , the Y axis , and the Z axis , or may be removable . 
[0115] Furthermore, the interior screen 21 may be fixed to the 
reflecting member 24. Here, if the reflecting member 24 is fixed 

15 to the rear surface of the interior screen 21 , the interior screen 21 
is required to switch between a characteristic of transmitting 
incident light and a characteristic of reflecting incident light 
in response to an externally- supplied electrical signal. 
[0116] Still further , in the fifth exemplary modification , the 

20 reflecting member 24 is mounted on the rear surface of the interior 
screen 21. This is not meant to be restrictive. Alternatively, 
the interior screen 21 may be mounted on the rear surface of the 
reflecting member 24. 
[0117] (Second embodiment) 

25 FIG. 20 is a schematic diagram illustrating the entire 

43 



structure of a screen device according to a second embodiment of 
the present invention . In FIG. 20 , the screen device can be applied 
to a display system mounted on a vehicle, and includes a mounting 
member 101, a supporting member 102, a body 103, a screen 104, 
5 and a light shield (preferably, two light shields as in the 
drawing) 105, and several (two in the drawing) hinges 106, 
[0118] The mounting member 101 is structured so as to be 
mountable on the ceiling inside a vehicle. Unlike the first 
embodiment, in the second embodiment, the vehicle can be of any 
10 type. The mounting member 101 further includes a rotational 
shaft 1011 for rotating the supporting member 102 about its 
longitudinal axis . The rotational shaft 1011 rotates in a vertical 
plane at angles up to a predetermined angle 9. 

[0119] The supporting member 102 has a rod- like shape, and is 
15 structured so as to be able to extend and retract within a range 
of a predetermined length LI. The above -structured supporting 
member 102 has mounted at its one end the rotational shaft 1011 
and at the other end the body 103. 

[0120] The body 103 is preferably a box having adequate 
20 stiffness. The upper surface of the body 103 is mounted on the 
supporting member 102 . The body 103 may be fixed to the supporting 
member, but is preferably rotatably mounted on the supporting 
member 102 for rotation about a vertical axis from a force exerted 
by the viewer. 

25 [0121] The screen 104 typically has a rectangular shape. On 



the screen 104, Images projected by a projector not shown are 
displayed. The screen 104 is formed or laminated on a main surface 
of the body 103. 

[0122] Each light shield 105 Is a board member having an outer 
5 surface capable of absorbing or reflecting light, and Is mounted 
on the body 103 via the hinges 106 which allow opening and closing. 
Specifically, one wing of each hinge 106 is fixed to a side surface 
of the light shield 105, and the other wing thereof is fixed to 
a side surface of the body 103. Each hinge 106 allows the wing 

10 fixed to the light shield 105 to rotate about a rotation axis of 
the hinge 106 at angles up to a predetermined angle 62 . With this , 
the light shield 105 rotates at angles up to the predetermined 
angle 62 with respect to the screen 104. Here, the angle 62 
preferably satisfies 0 degree < 62 < 180 degrees. 

15 [0123] The operation of the above -structured screen device is 
described below. Prior to operation, as illustrated in FIG. 21, 
with each light shield being closed and the supporting member 102 
being retracted at the maximum, the main surface of the body 103 
is located at a position which allows an intimate contact with 

20 the ceiling inside the vehicle- In the following description, 
such a position is referred to as a home position. 
[0124] In order to view images, the viewer rotates the 
rotational shaft 1011 by the angle 61, as illustrated in FIG. 21B. 
The viewer then extends the supporting member 102 by the length LI , 

25 as illustrated in FIG. 21C. The viewer then rotates each light 



shield 105 about the axis of the relevant hinge 106 by the angle 82 , 
as illustrated in FIG . 21D . With this , each light shield 105 stands 
still at a position where each light shield 105 and the screen 104 
approximately form the angle 92 . Thus , the outer surface of each 
5 light shield 105 is oriented to the outside of the vehicle. 

[0125] After viewing, the viewer performs an operation in 
reverse to the operation described above with reference to FIGS. 
21A through 2 ID. Thus, the screen device is moved back to the 
home position. 

10 [0126] Through the above operation illustrated in FIGS. 21A 
through 2 ID , the viewer can view images displayed on the screen 104. 
Also , the outer surface of each light shield 105 can shield external 
ambient light. Furthermore, with the screen 104 being formed or 
laminated on the main surface of the body 103, flapping of the 

15 screen 104 due to vibrations of the vehicle and/ or the wind can 
be prevented. Thus, the screen device can provide images that 
are easy for the viewer to view. 

[0127] Furthermore, when the screen device is at the home 
position, each light shield 105 is closed, thereby protecting the 

20 screen 104. Furthermore, at the home position, the body 103 is 
intimately contacted with the ceiling inside the vehicle. This 
prevents the visibility of the driver from being obstructed when 
viewing the back of the vehicle with the room mirror . Still further , 
by appropriately determining the length LI of the supporting 

25 member 102 , even while the viewer is viewing images , it is possible 



to prevent the visibility of the driver from being obstructed when 
viewing the back of the vehicle with the room mirror. 
[0128] In the second embodiment, two light shields 105 are 
provided to cover the entire screen 104. This is not meant to 
5 be restrictive. Alternatively, a single light shield 105 is 
provided with its one side surface being fixed to one side surface 
of the body 103. In this case, the light shield 105 is preferably 
provided to the body 103 on a side closer to a vehicle window. 
[0129] Still further, when the viewer rotates the rotational 
10 shaft 1011 by the angle 61, the screen device may allow the viewer 
to feel clicks. The same goes when the viewer opens or closes 
the light shields 105. 

[0130] Still further, in the second embodiment, the screen 
device is changed manually by the viewer from the state shown in 

15 FIG. 21A to the state shown in FIG. 2 ID. This is not meant to 
be restrictive. Alternatively, first through third driving 
mechanisms may be incorporated in the screen device . In this case , 
when the power voltage is turned on, the first driving mechanism 
automatically rotates the rotational shaft 1011 by the angle 61. 

20 The second driving mechanism then automatically extends the 
supporting member 102 by the length LI . The third driving mechanism 
then automatically rotates (each) light shield 105 about the axis 
of the relevant hinge 106 by the angle 62. 

[0131] Still further, in the second embodiment, the screen 
25 device has the body 103 having adequate stiffness and the light 



shields 105 . This is not meant to be restrictive . Alternatively, 
either one of these can achieve a screen device which can provide 
images that are easy for the viewer to view. 
[0132] (First exemplary modification) 
5 FIGS. 22A and 22B is schematic illustrations showing 

the structure of a screen device according to a first exemplary 
modification of the second embodiment. In FIGS. 22A and 22B, the 
screen device includes two mounting members 201, two main 
supporting members 202, a housing unit 203, a screen 204, and a 
10 light shielding unit (preferably, two light shielding units as 
in the drawing) 205. 

[0133] Each mounting member 201 is typically structured so as 
to be mountable on the ceiling inside the vehicle. Also, each 
mounting member 201 is structured so as to be mountable on one 

15 of the main supporting member 202. 

[0134] Each main supporting member 202 has a rod- like shape, 
and is structured so as to be extendable within a range of a 
predetermined length LI. The above- structured main supporting 
member 102 has mounted at its one end the mounting member 201 and 

20 at the other end the housing unit 230. 

[0135] The housing unit 230 includes a spring (not shown) for 
winding and moving up and down the screen 204. 
[0136] The screen 204 is typically a rectangular cloth screen 
on which images projected by a projector not shown are displayed. 

25 Also, the screen 204 is accommodated in the housing unit 203 as 
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being wound up in a roll shape. Furthermore, the screen 204 has 
a ring 2041 at each of the two lower corners. 

[01371 Each light shielding unit 205 has a shield supporting 
member 2051, at least one hinge 2052, two extendable members 2053, 
5 a light shield 2054, and a hook (shown only in FIG. 22B) 2055. 
[0138] The shield supporting member 2051 is mounted on the 
bottom surface of the housing unit 203 via the hinge 2052 which 
allows opening and closing. Specifically, one wing of the 
hinge 2052 is fixed to an external side surface of the shield 

10 supporting member 2051, and the other wing thereof is fixed to 
a side surface of the housing unit 203. The hinge 2052 allows 
the wing fixed to the shield supporting member 2051 to rotate about 
a rotation axis of the hinge 2052 at angles up to a predetermined 
angle 01. With this, the shield supporting member 251 rotates 

15 at angles up to the predetermined angle 81. 

[0139] Each of extendable members 2053 has a rod-lilce shape, 
and is structured so as to be able to extend and retract within 
a range of a predetermined length L2. The above -structured 
extendable member 2053 is mounted at its one end on the front surface 

20 of the supporting member 2051. Here, each supporting member 102 
has mounted thereon two extendable members 2053 spaced apart from 
each other by a length which is approximately equal to the length 
of one side of the light shield 2054. 

[0140] The light shield 2054 has an outer surface capable of 
2 5 absorbing or reflecting light, and can be folded. This light 



shield 2054 has one side fixed to the shield supporting member 2051 
and the other side opposite thereto fixed to the other ends of 
the extendable members 2053. The light shield 2054 can be folded 
or unfolded In accordance with extension or retraction of the 
5 extendable members 2053 . As with the light shield 105 In the second 
embodiment , the light shield 2054 when unfolded and the screen 204 
form an angle that Is larger than 0 degree and Is smaller than 
180 degrees. 

[0141] The hook 2055 Is mounted on a portion near the Inner 
10 side surface of the shield supporting member 2051 to engage In 
the ring 2041 of the screen 204. 

[0142] The operation of the above -structured screen device Is 
described below. Prior to operation, as Illustrated In FIG. 23A, 
the screen device Is In a state where each of the main supporting 

15 members 202 Is retracted at the maximum and the screen 204 Is wound 
up for accommodation In the housing unit 203. Also, the shield 
supporting members 2051 are closed and Is located at a position 
which allows an Intimate contact with the bottom surface of the 
housing unit 203 . In the following description . In the following 

20 description, such a position Is referred to as a home position. 
[0143] In order to view Images, as Illustrated In FIG. 23B, 
the viewer pulls down the housing unit 203, thereby extending the 
main supporting members 202. The viewer seml-flxes the housing 
unit 203 at a desired position. Then, as Illustrated In FIG. 23C, 

25 the viewer pulls down the screen 204 from the housing unit 203 



and fixes it. Furthermore, as illustrated in FIG. 23D, the viewer 
rotates each of the shield supporting members 2051 about by the 
angle 61 . At this time, although not shown in FIG. 23D, the viewer 
engages each hook 2005 to the relevant ring 2041. Furthermore, 
5 as illustrated in FIG. 23E, the viewer pulls either of the extendable 
members 2053 and the light shields 2054 to extendable members 2053, 
thereby opening each of the light shields 2054. Consequently, 
the outer surface of each of the light shields 2054 is oriented 
to the outside of the vehicle. After viewing, the viewer performs 
10 an operation in reverse to the operation described above with 
reference to FIGS. 23A through 23E. Thus, the screen device is 
moved back to the home position. 

[0144] Through the above operation illustrated in FIGS. 23A 
through 23E, the viewer can view images displayed on the screen 204 . 

15 Also, the outer surface of each light shield 105 can shield external 
ambient light. Furthermore, with the combination of the 
hooks 2055 and the rings 2041, the screen 204 is supported by the 
shield supporting members 2051. Therefore, flapping of the 
screen 204 due to vibrations of the vehicle and/or the wind can 

20 be prevented. Thus, the screen device can provide images that 
are easy for the viewer to view. 

[0145] Furthermore, when the screen device is at the home 
position, the housing unit 203 accommodates the screen 204, thereby 
protecting the screen 204. Furthermore, at the home position, 
25 the main supporting members 202 is of the minimum length. This 



prevents the visibility of the driver from being obstructed when 
viewing the back of the vehicle with the room mirror . Still further , 
by appropriately determining the length LI of the main supporting 
members 202 , even while the viewer is viewing images , it is possible 
5 to prevent the visibility of the driver from being obstructed when 
viewing the back of the vehicle with the room mirror. 
[0146] In the present exemplary modification, the light 
shielding unit 205 are provided to cover the entire screen 204. 
This is not meant to be restrictive. Alternatively, as with the 
10 second embodiment, a single light shielding unit 205 is provided 
with one side of the screen 204. 

[0147 ] Still further , when the viewer rotates each of the shield 

supporting members 2051 by the angle 01, the screen device may 

allow the viewer to feel clicks . 
15 [0148] Also, in the present exemplary modification, the state 

of the screen device is changed manually by the viewer from the 

state illustrated in FIG. 23A to the state illustrated in FIG. 23D. 

This is not meant to be restrictive. Alternatively, as with the 

second embodiment, the state of the screen device may be 
20 automatically changed from the state illustrated in FIG. 23A to 

that illustrated in FIG. 23D. 

[0149] (Second exemplary modification) 

FIGS. 24A and 24B are schematic illustrations showing 

the structure of a screen device according to a third exemplary 
25 modification of the second embodiment. In FIGS. 24A and 24B, the 



screen device is typically structured so as to be able to be 
accommodated in the ceiling of the vehicle. The screen device 
includes a mounting member 301 , a tension control member 302 ( shown 
only in FIG. 24B), a supporting member 303, two slide guide 
5 members 304, at least one (two in the drawing) roller 305, a 
screen 306 (refer to a hatched portion) , and a ring 307. For the 
ring 307, a hook 308 is mounted on a portion near the dashboard 
of the vehicle. 

[0150] The mounting member 301 is mounted inside the ceiling 
10 of the vehicle for supporting at least one end of the tension control 
member 302. 

[ 0151 ] The tension control member 302 is extendable as a spring , 
for example. As described above, one end of the tension control 
member 302 is fixed to the mounting member 301. The other end 

15 thereof is fixed to the supporting member 303. 

[0152] The supporting member 303 has a stick- like shape, and 
is mounted to the upper side of the screen 306. Both ends of the 
supporting member are inserted in one of the slide guide members 304 , 
which will be described further below. The supporting member 303 

20 is structured so as to be able to move along the slide guide members 
with tension being applied by the tension control member 302 or 
the viewer. 

[0153] Each of the slide guide members 304 is mounted inside 
the ceiling of the vehicle , extending from the mounting member 301 
2 5 along the direction of travel of the vehicle. The length of each 
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of the slide guide members 304 is equal to or longer than the length 
of the screen 306. Each of the slide guide members 304 has formed 
thereon a groove where the end of the supporting member 303 can 
slidably move. The slide guide members 304 are mounted inside 
5 the ceiling as being positioned apart from each other by a space 
corresponding to the length of the supporting member 303. 
[0154] The rollers 305 are provided at a place near a boundary 
between the ceiling and the front glass of the vehicle. Each of 
the rollers 305 rotates about its axis, thereby assisting the 

10 movement of the screen 306. 

[0155] The screen is typically a rectangular cloth screen on 
which images projected by a projector not shown are displayed. 
The screen 204 has the ring 307 at its lower side. 
[0156] The operation of the above- structured screen device is 

15 described below. Prior to operation, as illustrated in FIG. 24A, 
the screen 306 is accommodated in the ceiling. Specifically, the 
screen 306 is in a position as being accommodated between the slide 
guide members 304. This position is hereinafter referred to as 
a home position. The screen 306 at the home position is under 

20 tension of the tension control member 302 in a direction of the 
mounting member 301. 

[0157] In order to view images, the viewer pulls down a lower 
end portion of the screen 306 from the ceiling to the dashboard. 
At this time, the supporting member 303 moves along the groove 
25 of each of the slide guide members 304, and the roller 305 forwards 



the screen 306 from the ceiling to the dashboard- Then, as 
illustrated in FIG, 24B, the viewer engages the ring 307 in the 
hook 308. Af ter viewing the images , the viewer removes the ring 307 
from the hook 308 , and then moves his or her hands off the screen 306 . 
5 With this, the tension control member 302 strains the supporting 
member 303 and, as a result, the screen 306 retracts into the ceiling. 
[0158] With the above operation, the viewer can view images 
displayed on the screen 306 . Also, with the ring 307 being engaged 
in the hook 308, the screen 306 is pulled from the tension control 

10 member 302 . Therefore , flapping of the screen 306 due to vibrations 
of the vehicle and/or the wind can be prevented. Thus, the screen 
device can provide images that are easy for the viewer to view. 
Furthermore, according to the present second exemplary 
modification, the size of the screen 306 can be increased. Still 

15 further , the entire screen device can be accommodated in the ceiling , 
thereby simplifying the inside of the vehicle. 

[0159] Still further, the screen 306 is strained by the tension 
control member 302 even at the home position. Therefore, by 
reclining the front seat to the back of the vehicle, the viewer 

20 can view images while lying down on the front seat. 

[0160] In the present exemplary modification, the screen 306 
is fixed in position by the ring 307 and the hook 308. This is 
not meant to be restrictive. Alternatively, members other than 
the ring 307 and the hook 308 can be used as long as they can fix 

25 the screen 306. 



[0161] Still further, the screen device preferably includes 
a stopper provided at a position near the end of the slide guide 
member 304 so as to prevent the screen 306 from coming down to 
the dashboard when not in use. 
5 [0162] Still further, in the present second exemplary 
modification , the projector is mounted typically between the driver 
seat and the passenger seat. Also, all or part of the optical 
system of the projector for projecting images is preferably 
accommodated in a portion where the side brake is located. With 

10 this, the mounting space of the projector can be reduced. 

[0163] Still further, the screen 306 may include the light 
shield(s) 105 as described in the second embodiment. With this, 
the screen device can shield external ambient light. 
[ 0164 ] Still further , in view of the vehicle ' s interior design , 

15 a cover may be provided inside the vehicle to malce the screen 306 
at the home position invisible. 

[0165] Still further, in the present second exemplary 
modification, the state of the screen device is changed manually 
by the viewer from the state illustrated in FIG. 24A to the state 

20 illustrated in FIG. 24B. This is not meant to be restrictive. 
Alternatively, as with the second embodiment, the state of the 
screen device may be automatically changed from the state 
illustrated in FIG. 24A to that illustrated in FIG. 24B. 
[0166] Still further, in the present exemplary modification, 

25 the screen 306 is structured so as to be pulled down to the front 



glass side. This is not meant to be restrictive. Alternatively, 
the screen 306 may be structured so as to be pulled down to the 
rear glass side. 

[0167] (Third exemplary modification) 
5 FIGS. 25A and 25B are schematic illustrations showing 

the structure of a screen device according to a third exemplary 
modification of the second embodiment. In FIGS. 25A and 25B, the 
screen device includes a body 401, several (two, in FIG. 25A) 
hinges 402, and a screen 403. FIGS. 25A and 25B also illustrate 

10 one center pillar P of a vehicle with regard to the screen device. 
[0168] The body 401 is preferably a board having adequate 
stiffness, and is mounted on the center pillar P of the vehicle 
via the hinges 402 that allow opening and closing. Specifically, 
one wing of each hinge 402 is fixed to the rear surface of the 

15 body 401 , and the other wing thereof is fixed to the center pillar. 
Each hinge 402 allows the wing fixed to the body 401 to rotate 
about a rotation axis of the hinge 402 at angles up to a predetermined 
angle 61. With this, the body 401 rotates at angles up J:o the 
predetermined angle 91 . 

20 [0169] The screen 403 typically has a rectangular shape. On 
the screen 403, images projected by a projector not shown are 
displayed. The screen 403 is formed or laminated on a main surface 
of the body 401. 

[0170] The operation of the above -structured screen device is 
25 described below. Prior to operation, as illustrated in FIG. 25A, 



with the body 401 being closed, the rear surface of the body 403 
is located at a position which allows an intimate contact with 
the vehicle. With this, the screen device can prevent external 
ambient light from the outside of the vehicle. In the following 
5 description, such a position is referred to as a home position. 
In order to view images, the viewer rotates the body 401 and then 
stops the movement of the body 401 at a position which allows the 
viewer to easily view the screen 403. With this, the viewer can 
view the images displayed on the screen 403. In the present third 
10 exemplary modification, the projector is mounted on a side of the 
head rest of the rear seat or directly above the rear seat on the 
ceiling. After image viewing, the viewer brings the body 401 back 
to the home position. 

[0171] As described above, according to the present third 
15 exemplary modification, with the screen 403 being formed or 
laminated on the main surface of the body 401, flapping of the 
screen 403 due to vibrations of the vehicle and/or the wind can 
be prevented. Thus, the screen device can provide images that 
are easy for the viewer to view. 
20 [0172] In the present exemplary modification, the screen device 
prevents flapping of the screen 403 by the body 401 having adequate 
stiffness. This is not meant to be restrictive. Alternatively, 
the body 401 may have low stiffness . However, in view of preventing 
flapping of the screen 403, hook-and-loop fasteners or magnets 
25 are preferably attached to portions near the two corners of the 



screen on the side where the hinges 402 are not provided. In this 
case, the reguiredf number of hook-and-loop fasteners or magnets 
have to be further provided on the rear surface of the front seat 
or that of the head rest of the front seat in the vehicle. 
[0173] Also, the body 401 has mounted thereon the light 
shield(s) 105 as described in the second embodiment. With this, 
the screen device can shield external ambient light. 
[0174] Furthermore, when the viewer rotates the body 401 by 
the angle 61 , the screen device may allow the viewer to feel clicks . 
[0175] Also, in the present exemplary modification, the state 
of the screen device is changed by a force exerted by the viewer 
from the state illustrated in FIG. 25A to the state illustrated 
in FIG. 25B. This is not meant to be restrictive. Alternatively, 
the state of the screen device may be automatically changed from 
the state illustrated in FIG. 25A to that illuistrated in FIG. 25D. 
[0176] (Fourth exemplary modification) 

FIG . 26 is a schematic illustration showing the structure 
of a screen device according to a fourth exemplary modification 
of the second embodiment. In FIG. 26, the screen device includes 
a screen 501 and preferably two light shields 502. FIG. 26 also 
illustrates a hood Q of a vehicle with regard to the screen device . 
[0177] The screen 501 typically has a rectangular shape. On 
the screen 501, images projected by a projector not shown are 
displayed. The screen 501 is fixedly or removably mounted on the 
rear surface of the hood of the vehicle. 
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[01781 The light shields 502 are typically fan- shaped board 
members. Preferably, the light shields 502 are removably mounted 
on the right and left sides of the rear surface of the hood Q, 
Here, each of the light shield 502 is mounted so as to form an 
5 angle larger than 0 degrees and smaller than 180 degrees with respect 
to the screen 501. Also, if mounted on the hood Q, each of the 
light shields 502 rotates about an axis of the hood Q in accordance 
with opening and closing of the hood Q. When maintenance of the 
engine room of the vehicle is performed, these light shields 502 

10 are removed. 

[0179] The operation of the above- structured screen device is 
described below. Prior to operation, the screen device is 
accommodated in the engine room of the vehicle. In order to view 
images, as illustrated in FIG. 26, the viewer opens the hood Q. 

15 With this, the screen 501 appears ahead of the front seat of the 
vehicle, and the light shields 502 are spread out- Then, when 
the viewer fixes the light shields 502 with the hood Q open, each 
of the light shields 502 forms the predetermined angle with respect 
to the screen 501. With the above operation, the viewer can view 

20 images displayed on the screen 501. Note that, in the present 
exemplary modification, the projector is typically mounted ahead 
of the front window. After viewing, the viewer closes the hood Q. 
[0180] As described above, according to the present exemplary 
modification, the screen 501 is mounted on the rear surface of 

25 the hood Q having adequate stiffness. Therefore, flapping of the 



screen 501 due to vibrations of the vehicle and/or the wind can 
be prevented. Also, the light shields 502 shield light. 
Therefore, the screen device can provide images that are easy for 
the viewer to view. 
5 [0181] (Fifth exemplary modification) 

FIGS. 27A through 27D are schematic illustrations 
showing the structure of a screen device according to a fifth 
exemplary modification of the second embodiment. In FIGS. 27A 
through 27D, the screen device includes a housing unit 601, two 

10 supporting members 602, and a screen 603 . Only FIG. 2 7A illustrates 
the front seat of a vehicle with regard to the screen device. 
[0182] The housing unit 601 is typically fixed to the rear 
surface of the front seat, and includes a spring (not shown) for 
winding and moving up and down the screen 603. 

15 [0183] Each of the supporting members 602 has a rod-like shape, 
and is structured so as to extend and retract through a hole formed 
on the upper surface of the housing unit 601 within a range of 
a length L so as to approximately reach the ceiling of the vehicle . 
Also, the supporting members 602 can stand still. Furthermore, 

20 both of the upper ends of the screen 603 are fixed at predetermined 
positions on the supporting members 602. Here, the predetermined 
positions are determined according to the visibility of the viewer . 
That is, the predetermined positions are determined so as to allow 
the viewer to easily view the screen 603. 

2 5 [0184] The screen 603 is typically a rectangular cloth screen 



on which images projected by a projector not shown are displayed. 
Also, the screen 603 is accommodated in the housing unit 601 as 
being wound up in a roll shape. 

[0185] The operation of the above- structured screen device is 
5 described below. Prior to operation, as illustrated in FIG. 21 A, 
the screen device is in a position such that the supporting 
members 602 is retracted at the maximum and the screen 603 is wound 
up for accommodation in the housing unit 601. Such a position 
is hereinafter referred to as a home position. 

10 [0186] In order to view images, as illustrated in FIG. 27B, 
the viewer pulls out both of the supporting members 602 or the 
upper edge of the screen 603, thereby causing the supporting 
members 602 to extend. Also, after the screen 603 is completely 
exposed as illustrated in FIG. 2 7C, the viewer further extends 

15 the supporting members 602 so that the upper edge thereof abut 
on the ceiling, as illustrated in FIG. 27D. With this, the viewer 
can view images . Note that , in the present exemplary modification , 
the projector is mounted typically on a side of the head rest of 
the rear seat or at a position approximately above the rear seat 

20 on the ceiling. After viewing, the viewer performs an operation 
in reverse to the operation described above with reference to FIGS . 
27A through 27D. Thus, the screen device is moved back to the 
home position. 

[0187] With the above -described operation illustrated in 
25 FIGS. 27A through 27D, the viewer can view images displayed on 



the screen 603. Also, with the screen 603 being fixed to the 
supporting members 602, flapping of the screen 603 due to vibrations 
of the vehicle and/or the wind can be prevented. Furthermore, 
with the supporting members 602 abutting the ceiling, vibrations 
5 of the vehicle toward the supporting members 602 can be isolated. 
This can also prevent flapping of the screen 603 . Thus , the screen 
device can provide images that are easy for the viewer to view. 
[0188] Also, at the home position, the housing unit 601 
accommodates the screen 603, thereby protecting the screen 603. 
10 Furthermore, at the home position, the supporting members 602 are 
of the minimum length. This prevents the visibility of the driver 
from being obstructed when viewing the back of the vehicle with 
the room mirror. 

[0189] In the present exemplary modification, the screen device 
15 may be provided with the light shields 205 described in the first 
exemplary modification so as to be positioned on either one or 
both of the sides of the screen 603. 

[0190] Furthermore, in the present exemplary modification, the 
state of the screen device is changed manually by the viewer from 

20 the state illustrated in FIG. 27A to the state illustrated in 
FIG. 27D. This is not meant to be restrictive. Alternatively, 
as with the first exemplary modification, the state of the screen 
device may be automatically changed from the state illustrated 
in FIG. 27A to that illustrated in FIG. 27D. 

25 [0191] Still further, in the present exemplary modification , 



the supporting members 602 and the screen 603 are accommodated 
in the housing unit 601. This is not meant to be restrictive. 
Alternatively, these components can be embedded in the rear surface 
of the front seat of the vehicle. 
5 [0192] Still further, in the present exemplary modification , 
after the screen 603 is completely exposed, the supporting 
members 602 further extend to abut on the ceiling. This is not 
meant to be restrictive. Alternatively, the supporting 
members 602 may first extend to abut on the ceiling before the 

10 screen 603 spreads up. 

[0193] (Sixth exemplary modification) 

FIGS. 28A and 28D are schematic illustrations showing 
the structure of a screen device according to a sixth exemplary 
modification of the second embodiment. In FIGS. 28A and 28B, the 

15 screen device includes a screen 701, several (four in the drawing) 
supporting members 702, several (eight in the drawing) connecting 
members 703, several (four in the drawing) movable connecting 
members 704, and a mounting member 705 . Only FIG. 28A illustrates 
a front seat (refer to a dotted portion) of a vehicle with regard 

20 to the screen device. 

[0194] The screen 701 typically has a rectangular shape, and 
is typically made of material, such as a cloth, that can be fold. 
On this screen 701, images projected by a projector not shown are 
displayed. 

25 [0195] The supporting members 702 is mounted on the corners 



of the rear surface of the screen 701 (that is, the rear surface 
of a Image display surface). Furthermore, the supporting 
members 702 are structured so as to fixedly or removably connect 
at least one of the connecting members 703. 
5 [0196] Each of the connecting members 703 is typically a metal 
rod. Each of the connecting members 703 has its one end connected 
to one supporting member 702 or one movable joint member 704 and 
the other end mount to one movable joint member 704 or the mounting 
member 705. 

10 [0197] Each of the movable joint members 704 is structured so 
as to be able to joint two connecting members 703 together. Also, 
the movable joint member 704 has a mechanism which allows one of 
the connecting members 703 jointed together to freely rotate at 
angles up to a predetermined angle. The movable joint member 703 

15 also has a mechanism for locking the rotation of the connecting 
member 703 when the two connecting members 703 form an angle of 
substantially 180 degrees. 

[0198] The mounting member 705 is typically structured so as 
to be mountable on the front seat. Furthermore, the mounting 
20 member 705 is structured so as to fixedly or removably connect 
the four connecting members 703. 

[0199] The operation of the above-structured screen device is 
described below. Prior to operation, as illustrated in FIG. 28A, 
the screen 701 is in a state of being folded. Specifically, each 
2 5 of the connecting members 703 connected to the relevant supporting 
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member 702 stands still at a position so as to form a relatively 
small angle close to 0 degree with respect to the relevant connecting 
member 703 connected to the mounting member 705 by taking the 
relevant movable joint member 704 as a point of support. 
5 [0200] In order to view images, the viewer spreads out the 
screen 701, as illustrated in FIG. 28. With a force exerted by 
the viewer, each of the connecting members 703 connected to the 
relevant supporting member 702 rotates to a position so as to form 
a relatively large angle close to 180 degrees with respect to the 

10 relevant connecting member 703 connected to the mounting member 705 
by taking the relevant movable Joint member 704 as a point of support , 
and is then locked. With this, the viewer can view images. Note 
that, in the present exemplary modification, the projector is 
mounted typically on a side of the head rest of the rear seat or 

15 at a position directly above the rear seat on the ceiling. After 
image viewing, the viewer performs an operation in reverse to the 
operation described above with reference to FIGS. 28A through 28B. 
Thus, the screen 701 is folded. 

[0201] According to the present exemplary modification, when 
20 the screen 701 is spread out, the lock mechanism of the movable 
Joint member 704 locks the two connecting members 703 connected 
to the movable Joint member 704. Furthermore, the screen 701 is 
supported by the four supporting members 702, flapping of the 
screen 701 due to vibrations of the vehicle and/or the wind can 
25 be prevented. Thus, the screen device can provide images that 



are easy for the viewer to view. Furthermore, according to the 
present exemplary modification, the screen 701 can be folded to 
be reduced in size. This prevents the visibility of the driver 
from being obstructed when viewing the back of the vehicle with 
5 the room mirror. 

[0202] In order to fold the screen 701 for further reduction 
in size, the niimber of supporting members 702, movable Joint 
members 704, and connecting members 703 are increased. For 
example, as illustrated in FIGS. 29A through 29B, with eight 

10 supporting members 702, eight movable joint members 704, and 
sixteen connecting members 703 being provided to the screen device , 
the screen 701 can be folded to be reduced in size. Prior to the 
operation of the screen device, as illustrated in FIG. 29, each 
of the connecting members 703 connected to the relevant supporting 

15 member 702 stand still so as to form a relatively small angle close 
to 0 degree with respect to the relevant connecting member 703 
connected to the mounting member 705 by taking the relevant movable 
joint member 704 as a point of support. 

[0203] In order to view images, the viewer extends two 
20 connecting members 703 connected along a horizontal direction, 
as illustrated in FIG. 29A. Then, as illustrated in FIG. 29B, 
the viewer extends two connecting members 703 connected along a 
vertical direction. Further, as illustrated in FIGS. 29C and 29D, 
the viewer extends the connecting members 703 connected along the 
25 diagonal lines of the screen 701. Thereafter, the screen 701 is 



spread out in the manner as described with reference to FIGS. 28A 
and 29B. Also, the extended connecting member 703 are fixed by 
the locking mechanism of the movable joint members 704 . With this , 
the viewer can view images . 
5 [0204]. (Seventh exemplary modification) 

FIGS- 30A and SOB are schematic illustrations showing 
the structure of a screen device according to a seventh exemplary 
modification of the second embodiment. In FIGS. 30A and 303, the 
screen device includes a screen 801, at least two supporting 

10 members 802, and at least two mounting members 803. FIGS. 30A 
and 30B also illustrate a front seat (refer to a dotted portion) 
of a vehicle with regard to the screen device. * 
[0205] The screen 801 has a rectangular shape, and is typically 
made of a soft material, such as a cloth. On the screen 801, images 

15 projected by a projector not shown are displayed. 

[0206] Each of the supporting members 802 is typically a metal 
rod, and has fixed thereto the entire or part of the vertical sides 
of the screen 801. 

[0207] Each of the mounting members 803 is structured so as 
20 to be mountable on the front seat. Furthermore, each of the 
mounting members 803 supports one end of the relevant supporting 
member 802 so that the supporting member 802 can rotate at angles 
up to a predetermined angle. Here, the angles are from an angle 
at which the axis of the supporting member 802 is in an approximately 
25 horizontal position to an angle at which the axis is in an 
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approximately vertical position. Also, each of the supporting 
members 803 has a mechanism for locking the movement of the relevant 
supporting member 802 when the supporting member 802 stands upright 
along the vertical axis. The above- structured supporting 
5 members 803 are mounted on both sides of the front seat so that 
the supporting members 802 can tilt toward each other. 
[0208] The operation of the above -structured screen device Is 
described below. Prior to operation, as illustrated In FIG. 30A, 
the supporting members 802 tilt toward each other, with the 

10 screen 801 hanging therefrom. 

[0209] In order to view Images , the viewer makes the supporting 
members 802 stand, as Illustrated In FIG. 30B. Consequently, the 
axes of the supporting members 802 become approximately parallel 
to each other In the vertical direction, and the screen 801 Is 

15 extended. With this, the viewer can view Images. Note that. In 
the present exemplary modification, the projector Is mounted 
typically on a side of the head rest of the rear seat or at a position 
approximately above the rear seat on the celling. After viewing, 
the viewer performs an operation In reverse to the operation 

20 described above with reference to FIGS. 30A and 30B. Thus, the 
screen device is moved back to the position before image viewing. 
[0210] As described above, according to the present exemplary 
modification, the screen 801 is extended by the locked supporting 
members 802 when opened by the viewer. Therefore, flapping of 

25 the screen 801 due to vibrations of the vehicle and/or the wind 



can be prevented. Thus , the screen device can provide images that 
are easy for the viewer to view. 

[0211] Furthermore, the screen 801 hangs over the rear surface 
of the front seat when not in use. This prevents the visibility 
5 of the driver from being obstructed when viewing the back of the 
vehicle with the room mirror. 

[0212] Still further, in the present exemplary modification, 
the supporting members 802 are rotatably structured. This is not 
meant to be restrictive. Alternatively, the supporting 

10 members 802 may be fixed to the front seat as standing upright. 
[0213] Still further, in the present exemplary modification, 
the screen device is changed manually by the viewer from the state 
shown in FIG. 30A to the state shown in FIG. SOB. This is not 
meant to be restrictive. Alternatively, the state of the screen 

15 device may be automatically changed from the state illustrated 
in FIG. 30A to that illustrated in FIG. 30B. 
[0214] {Eighth exemplary modification) 

FIGS. 31A through 31C are schematic illustrations 
showing the structure of a screen device according to an eighth 

20 exemplary modification of the second embodiment. In FIGS. 31A 
through 31C, the screen device includes a inflatable screen 901, 
ahousing unit 902, and a pump 903. FIGS. 22A and 22C also illustrate 
a front seat (refer to a dotted portion) of a vehicle with regard 
to the screen device. 

25 [0215] The inflatable screen 901 is made of a material 



deformable when filled with gas, such as a balloon or an air bag. 
The screen 901 is designed so that amain surface of the inflatable 
screen 901 becomes a rectangular shape when filled with a 
predetermined amount of gas. On this rectangular shape, images 
5 projected by a projector not show are displayed. 

[0216] The housing unit 902 is mounted on the rear surface of 
a head rest of the front seat, for example, for accommodating the 
inflatable screen 901. 

[0217] In response to an operation by the viewer, the pump 903 
10 fills the inflatable screen 901 with gas or deflates the inflatable 
screen 901. 

[0218] The operation of the above- structured screen device is 
described below. Prior to operation, as illustrated in FIG. 31A, 
the inflatable screen 901 is accommodated in the housing unit 902. 

15 In order to view images, the viewer operates the pump 903 to start 
filling the inflatable screen 901 with gas for inflation, as 
illustrated in FIG. 31B. With the predetermined amount of gas 
being filled, the main surface of the inflatable screen 901 becomes 
typically a rectangular shape. With this, the viewer can view 

20 images. Note that, in the present exemplary modification, the 
projector is mounted typically on a side of the head rest of the 
rear seat or at a position approximately above the rear seat on 
the ceiling. After viewing, in response to an operation by the 
viewer, the pump 903 deflates the inflatable screen 901. Then, 

25 the viewer puts the deflated inflatable screen 901 back in the 



housing unit 902. With this, the inflatable screen 901 is moved 
back to the state before image viewing. 

[0219] As described above, according to the present exemplary 
modification, with the inflatable screen 901 being inflated with 
5 gas for image viewing , f lapping of the main surface of the screen 901 
due to vibrations of the vehicle and/or the wind can be prevented. 
Thus, the screen device can provide images that are easy for the 
viewer to view. Also, according to the present exemplary 
modification, the screen 901 can be accommodated in the housing 

10 unit 902. This prevents the visibility of the driver from being 
obstructed when viewing the back of the vehicle with the room mirror . 
Furthermore, according to the present exemplary modification, the 
inflatable screen 901 becomes elastic after being filled with gas. 
Therefore, as with an air bag system for vehicles, serious injury 

15 can be avoided even if the viewer's head hits the inflatable 
screen 901 in a -jvehicle accident. 

[0220] Still further, in the screen device, the rear surface 
of the inflatable screen 901 is preferably provided with the 
supporting members 702, the movable joint members 704, and the 

20 connecting members 703 as described in the sixth exemplary 
modification. With this, flapping of the main surface of the 
screen 901 can be further prevented. Alternatively, several 
strings may be fixed at one end to points near the main surface 
of the inflatable screen 901 and at the other end to the rear surface 

25 of the head rest. In this case, with the tension of the strings. 



flapping of the main surface of the screen 901 can be prevented. 
[0221] (Ninth exemplary modification) 

FIGS. 32A and 32B are schematic illustrations showing 
the structure of a screen device according to a ninth exemplary 
5 modification of the second embodiment. In FIGS. 32A and 32B, the 
screen device includes a supporting member 1001, a screen 1002, 
a housing unit 1003. FIGS. 32A and 32B also illustrate a front 
seat (refer to a dotted portion) of a vehicle with regard to the 
screen device . 

10 [0222] The supporting member 1001 is a board- like member having 
adequate stiffness . The supporting member 1001 is preferably made 
of a material that is easy to break upon impact , such as styrof oam. 
[0223] The screen 1002 has typically a rectangular shape. On 
the screen 1002, images projected by a projector not shown are 

15 displayed. The screen 1002 is formed or laminated on amain surface 
of the supporting member 1001. 

[0224] The housing unit 1003 accommodates the supporting 
member 1001. Also, the housing unit 1003 has an opening from which 
the viewer can pull out the supporting member 1001. Furthermore, 

20 the housing unit 1003 has a mechanism for locking the screen 1002 
when being exposed to a predetermined position. 
[0225] The operation of the above -structured screen device is 
described below. Prior to operation, the supporting member 1001 
is accommodated in the housing unit 1003, as illustrated in FIG. 

25 32A. In order to view images, the viewer pulls out the supporting 



member 1001 as illustrated in FIG. 32B. When the supporting 
member 1001 is pulled up to the predetermined position , the locking 
mechanism of the housing unit 1003 works, thereby fixing the 
supporting member 1001. With this, the viewer can view images. 
5 Note that, in the present exemplary modification, the projector 
is mounted typically on a side of the head rest of the rear seat 
or at a position approximately above the rear seat on the ceiling. 
After viewing, the viewer performs an operation in reverse to the 
operation described above with reference to FIGS. 32A and 32B. 
10 Thus, the screen 1002 is moved back to the position before image 
viewing . 

[0226] As described above, according to the present exemplary 
modification, with the screen 1002 being formed or Icuninated on 
the supporting member 1001 having adequate stiffness, flapping 

15 of the main surface of the screen 1002 due to vibrations of the 
vehicle and/or the wind can be prevented. Thus , the screen device 
can provide images that are easy for the viewer to view. Also, 
the supporting member 1001 is made of a material that is easy to 
break upon impact. Therefore, serious injury can be avoided even 

20 if the viewer's head hits the screen 1002 in a vehicle accident. 
Furthermore , the screen 1002 is pulled out only when image viewing . 
This prevents the visibility of the driver from being obstructed 
when viewing the back of the vehicle with the room mirror. 
[0227] Still further, the supporting member 1001 may be provided 

25 with the light shields 105 described in the second embodiment or 



the light shielding units 205 described in the first exemplary 
modification . 

[0228] (Tenth exemplary modification) 

FIGS. 33A through 33C are schematic illustrations 
5 showing the structure of a screen device according to a tenth 
exemplary modification of the second embodiment. In FIGS. 33A 
through 33C, the screen device includes a supporting member 1101, 
a screen 1102, and a housing unit 1103. FIGS. 33A through 33C 
also illustrate a front seat ( refer to a dotted portion ) of a vehicle 

10 with regard to the screen device. 

[0229] As with the above -de scribed supporting member 1001 , the 
supporting member 1101 is a board- like member having adequate 
stiffness, and is preferably made of a material that is easy to 
break upon impact. Furthermore, the supporting member 1101 has 

15 a pull 1105 formed or laminated on a surface opposite to the 
screen 1102. 

[0230] As with the above-described screen 1002 , the screen 1102 
has typically a rectangular shape. On the screen 1102, images 
projected by a projector not shown are displayed. 

20 [0231] The housing unit 1103 is formed on the rear surface of 
the front seat to accommodate the supporting member 1101. Also, 
the housing unit 1103 has a mechanism for rotating the supporting 
member 1101 at angles within a predetermined range. Here, the 
predetermined range is from an angle formed when the screen 1102 

25 is accommodated in the housing unit 1103 to an angle formed while 



the screen 1102 is appropriately directed to the viewer. Also, 
the housing unit 1103 has a mechanism for locking the screen 1102 
when being exposed to a predetermined position. 
[0232] The operation of the above- structured screen device is 
5 described below. Prior to operation, the supporting member 1101 
is accommodated in the housing unit 1103 so that the screen 1102 
abuts on the housing unit 1103 . In order to view images , the viewer 
grabs the pull 1105 to open the supporting member 1101, as 
illustrated in FIG. 33A. With this, as illustrated in FIG. 33B, 

10 the supporting member 1101 rotates about an axis of rotation of 
the rotating mechanism of the housing unit 1103 . Then, the viewer 
rotates the supporting member 1101 until the locking mechanism 
of the housing unit 1103 starts working. With the locking mechanism 
working for locking the supporting member 1101, the viewer can 

15 view images. Note that, in the present exemplary modification, 
the projector is mounted typically on a side of the head rest of 
the rear seat or at a position approximately above the rear seat 
on the ceiling. After viewing, the viewer performs an operation 
in reverse to the operation described above with reference to 

20 FIGS. 33A through 33C. Thus, the supporting member 1101 is 
accommodated in the housing unit 1103 , thereby bringing the screen 
device back to the position before image viewing. 
[0233] As described above, according to the present exemplary 
modification, with the screen 1102 being formed or laminated on 

25 the supporting member 1101 having adequate stiffness, flapping 



of the screen 1102 due to vibrations of the vehicle and/or the 
wind can be prevented. Thus , the screen device can provide images 
that are easy for the viewer to view. Also, the supporting 
member 1101 is made of a material that is easy to break upon impact . 
5 Therefore, serious injury can be avoided even if the viewer' s head 
hits the screen 1102 in a vehicle accident. Furthermore, the 
screen 1102 is taken out from the housing unit 1103 only when image 
viewing. This prevents the visibility of the driver from being 
obstructed when viewing the back of the vehicle with the roommirror . 
10 [0234] Stillf urther, the supporting member 1101 may be provided 
with the light shields 105 described in the second embodiment or 
the light shielding units 205 described in the first exemplary 
modification . 

[0235] (Eleventh exemplary modification) 

15 FIGS. 34A and 34B are schematic illustrations showing 

the structure of a screen device according to an eleventh exemplary 
modification of the second embodiment. In FIGS. 34A and 34B, the 
screen device includes a translucent screen 1201 and a housing 
unit 1202. FIGS. 34A and 34B also illustrate a front seat (refer 

20 to a dotted portion) of a vehicle and a projector 1203 with regard 
to the screen device. 

[0236] The translucent screen 1201 is a surface which allows 
light to pass through for displaying images projected by the 
projector 1203. The translucent screen 1201 has adequate 
25 stiffness itself, or is surrounded by a frame having adequate 



stiffness . 

[0237] The housing unit 1202 is mounted on the rear surface 
of the front seat to accommodate the translucent screen 1201 • Also , 
the housing unit 1202 has a mechanism for rotating the translucent 
5 screen 1201 at angles within a predetermined range. Here, the 
predetermined range is from an angle formed when the screen 1201 
is accommodated in the housing unit 1202 to an angle formed while 
the screen 1201 is appropriately directed to the viewer. Also, 
the housing unit 1202 has a mechanism for locking the screen 1201 

10 when being exposed to a predetermined position. 

[0238] The operation of the above -structured screen device is 
described below- Prior to operation, the translucent screen 1201 
is accommodated in the housing unit 1202 , as illustrated in FIG. 34A. 
In order to view images, the viewer takes out the translucent 

15 screen 1201 from the housing unit 1202 , as illustrated in FIG. 34B. 
When the translucent screen 1201 is pulled up the predetermined 
position, the locking mechanism of the housing unit 1202 starts 
working, thereby fixing the translucent screen 1201. With this, 
the viewer can view images . Note that , in the present exemplary 

20 modification, the projector 1203 ismounted typically onaposition 
near a lower portion of the rear surface of the front seat. After 
viewing, the viewer performs an operation in reverse to the 
operation described above with reference to FIGS. 34A and 34B. 
Thus, the translucent screen 1201 is moved back to the position 

25 before image viewing. 



[0239] As described above, according to the present exemplary 
modification, with the translucent screen 1201 having adequate 
stiffness, flapping of the translucent screen 1201 due to 
vibrations of the vehicle and/or the wind can be prevented. Also, 
5 with the projector 1203 being mounted on the back of the translucent 
screen 1201, images of relatively high contrast can be provided 
even if external ambient light enters between the viewer and the 
translucent screen 1201. Thus, the screen device can provide 
images that are easy for the viewer to view. 

10 [0240] Furthermore, by adopting the translucent screen 1201, 
the amount of rotation of the screen can be reduced compared with 
that of the screen in the tenth exemplary modification. This can 
prevent the visibility of the driver from being obstructed when 
viewing the back of the vehicle with the room mirror. 

15 [0241] Still further, as illustrated in FIGS. 35A and 35B, a 
cover 1205 may be provided for shielding external ambient light 
by covering an optical path from the projector 1203 to the 
translucent screen 1201. The cover 1205 is preferably formed of 
a black cloth, and is unfolded in accordance with the rotation 

20 of the translucent screen 1201. With the optical path of the 
projector 1203 being covered by the above cover 1205 from external 
ambient light , images of relatively high contrast can be provided. 
Still further, the translucent screen 1201 may be provided with 
the light shields 105 described in the second embodiment or the 

25 light shielding units 205 described in the first exemplary 



modification . 

[0242] (Twelfth exemplary modification) 

FIGS. 36A through 36C are schematic illustrations 
showing the structure of a screen device according to a twelfth 
5 exemplary modification of the second embodiment. In FIGS. 36A 
through 36C, the screen device includes a housing unit 1301, two 
supporting members 1302 , and a translucent screen 1303 . FIGS . 36A 
through 36C also illustrate a front seat (refer to a dotted portion) 
of a vehicle and a projector 1304 with regard to the screen device. 

10 [0243] The housing unit 1301 has a slit (not shown) for allowing 
the viewer to pull out the housing unit 1301. Also, the housing 
unit 1301 has a spring (not shown ) for winding and moving up and 
down the translucent screen 1303. The above -structured housing 
unit 1301 is fixedly mounted typically on the rear surface of the 

15 front seat so that the slit is oriented downward. 

[0244] Each of the supporting members is typically a metal rod, 
and has a length at least longer than the side length of the 
translucent screen 1303. These supporting members 1302 are 
mounted on positions near both ends of the slit of the housing 

20 unit 1301. Also, each of the supporting members 1302 rotates at 
angles in a predetermined range by a rotating mechanism (not shown) 
mounted on the housing unit 1301. Here, the predetermined range 
is from approximately an angle formed when the supporting 
members 1302 are along the rear surface of the front seat to 

25 approximately an angle formed when the supporting members 1302 



are horizontal to each other. Also, the supporting members 1302 
stay still at a position in its predetermined moving range by a 
locking mechanism (not shown) mounted on the housing unit 130. 
[0245] The translucent screen 1303 allows light to pass 
5 therethrough, thereby displaying thereon images projected by the 
projector 1304 . The translucent screen 1303 is made of a def ormable 
material . 

[0246] The operation of the above -structured screen device is 
described above. Prior to operation, as illustrated in FIG. 36A, 
10 the supporting members 1302 stands still along the rear surface 
of the front seat. Also, the translucent screen 1303 is wound 
up for accommodation. 

[0247] In order to view images, the viewer pulls up the 
supporting members 1302 as illustrated in FIG. 36B, and causes 

15 the supporting members 1302 to stand still a predetermined position 
within the predetermined range of rotation . The viewer then pulls 
the translucent screen 1303 out of the housing unit 1301. Then, 
as illustrated in FIG. 36C, the viewer fixes the both ends of the 
lower side of the translucent screen 1303 to the edge of the 

20 supporting members 1302 by using hooks (not shown) , for example. 
With this , the viewer can view images . Note that , in the present 
exemplary modification, the projector is mounted typically on a 
position near a lower portion of the rear surface of the front 
seat. After viewing, the translucent screen 1303 is accommodated 

25 in the housing unit 1301, and the supporting members 1302 are back 
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to the initial position. 

[0248] As described above, according to the present exemplary 
modification, with the translucent screen 1303 being fixed to the 
supporting members having adequate stiffness, flapping of the 
5 translucent screen 1303 due to vibrations of the vehicle and/or 
the wind can be prevented. Also, with the projector 1304 being 
mounted on the back of the translucent screen 1303, images of 
relatively high contrast can be provided even if external ambient 
light enters between the viewer and the translucent screen 1303. 
10 Thus, the screen device can provide images that are easy for the 
viewer to view. 

[0249] Also, with the translucent screen 1303 being pulled 
downward from the housing unit 1301, the visibility of the driver 
can be prevented from being obstructed when the driver views the 

15 back of the vehicle with the room mirror. 

[ 0250 1 Still further , the screen device is provided with a cover 
as described with reference to FIGS. 35A and 35B. Still further, 
the supporting members 1302 may be provided with the light 
shields 105 described in the second embodiment or the light 

20 shielding units 205 described in the first exemplary modification . 
[0251] Still further, in the present exemplary modification, 
the translucent screen 1303 is fixed to the ends of the supporting 
members 1302 . This is not meant to be restrictive. Alternatively, 
the translucent screen 1303 may be fixed to the midpoints of the 

25 supporting members 1302. 
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[0252] Still further, in the present exemplary modification, 
the supporting members 1302 may be extendable. Still further, 
the housing unit 1301 may be mounted inside the front seat. 
[0253] (Thirteenth exemplary modification) 

FIGS. 37A through 37C are schematic illustrations 
showing the structure of a screen device according to a thirteenth 
exemplary modification of the second embodiment. In FIGS. 37A 
through 37C, the screen device includes a mounting member 1401, 
a connecting member 1402, a supporting member 1403, and a 
screen 1404. FIGS. 37A through 37C also illustrate a front seat 
(refer to a dotted portion) of a vehicle and a projector 1304 with 
regard to the screen device. 

[0254] The mounting member 1401 is typically structured so as 
to be mounted on the rear surface of the front seat . The mounting 
member 1401 further includes a bearing (not shown) for allowing 
the connecting member 1402 to rotate on a vertical plane. 
[0255] The connecting member 1402 is typically a member formed 
by two cylindrical members Jointed so as to form approximately 
a right angle. The connecting member 1402 has one end received 
in the bearing of the mounting member 1401 and has a bearing on 
the other end surface for allowing rotation of the supporting 
member 1403 about the normal of the other end surface. 
[0256] The supporting member 1403 is typically a metal rod, 
and has a length slightly longer than the vertical side of the 
screen 1404. The supporting member 1403 has its end received in 
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the bearing of the connecting member 1402. 

[0257] The screen 1404 is formed or laminated on a board-like 
member having adequate stiffness, and has typically a rectangular 
shape. The screen 1404 has one vertical side fixed to the 
5 supporting member 1403. On this screen 1404, images projected 
by a projector not shown are displayed. 

[0258] The operation of the above -structured screen device is 
described below. Prior to operation, as illustrated in FIG. 37A, 
the screen 1404 stands still at a position so as to make an intimate 

10 contact with the rear surface of the front seat. 

[ 0259 ] In order to view images , the viewer grabs the screen 1404 
with his or her hand(s) to move it to a desired position. At this 
time, in accordance to the movement of the hand(s) , the supporting 
member 1403 rotates on the vertical plane, as illustrated in 

15 FIGS. 37A and 37B, and also rotates about the normal of the end 
surface of the connecting member 1403 . In this manner, the viewer 
positions the screen 1404 so as to view images. Note that, in 
the present exemplary modification, the projector is mounted 
typically at a position which is on the ceiling of the vehicle 

20 and is above and behind the rear seat. After viewing, the viewer 
performs an operation in reverse to the operation described above 
with reference to FIGS. 37A and 37B to bring the screen 1404 back 
to the position before image viewing. 

[0260] As described above, according to the present exemplary 
25 modification, with the screen 1404 being formed or laminated on 



the member having adequate stiffness, flapping of the screen 1404 
due to vibrations of the vehicle and/or the wind can be prevented. 
[0261] Also, with the above-described two bearings, the 
screen 1404 can be oriented to both of the right and left rear 
seats. For example, when the screen device is mounted on the rear 
surface of the right front seat, it is possible to provide images 
also to a viewer sitting in the left rear seat. In this case, 
the viewer views image from a farther distance, compared with a 
case where the screen device is mounted on the rear surface of 
the left front seat . That is , the viewer focuses on the screen 1404 
from a distance for viewing images, which causes less eye strain. 
[0262] (Third embodiment) 

FIG. 38 is a schematic illustration showing the entire 
configuration of a display system according to a third embodiment 
of the present invention. FIG. 39 is a perspective view of a part 
of the display system illustrated in FIG. 38 when viewed from the 
left rear angle of a vehicle A. For the sake of convenience of 
description, each of FIGS. 37 and 38 also shows an orthogonal 
coordinate system having an X axis, a Y axis, and a Z axis. 
[0263] In FIGS. 37 and 38, the display system is typically 
mounted on the vehicle A . In the present embodiment , the vehicle A 
is not restricted to the types of vehicle described in the first 
embodiment, but may be any. This display system includes a 
projector 10001 , a screen 10002 (not shown in FIG. 39), a reflecting 
member 10003, and a supporting member 10004. 
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[0264] The projector 10001 is mounted typically between front 
seats D and rear seats E on the floor of the vehicle so as to be 
able to emit a light beam L generated by the projector 10001 toward 
the screen 10002 mounted on a ceiling C of the vehicle. Also, 
5 preferably, the projector 10001 is mounted at a position so as 
not to obstruct, for example, the movement of passengers of the 
rear seats E when getting on or off the vehicle A. 
[0265] The screen 10002 is typically a reflective screen, and 
is mounted on the ceiling C so as to allow the light beam L emitted 

10 from the projector 10001 to enter and to reflect the entire or 
part of the light beam L toward the reflecting member 10003. In 
the present embodiment, the screen 10002 is exemplarily mounted 
on the ceiling C at a position approximately directly above a 
midpoint between the front seats D and the rear seats E. 

15 [0266] The reflecting member 10003 is mounted at a position 
which is assumed to allow viewers sitting in the rear seats E to 
easily view the reflecting member 10003 . In the present embodiment , 
the reflecting member 10003 is exemplarily mounted between the 
two front seats along the Y axis. The reflecting member 10003 

20 is preferably a half mirror. VHien the light beam L reflected by 
the screen 10002 enters, the reflecting member 10003 reflects the 
light beam L toward the viewer. Here, the reason why a half mirror 
is used as the reflecting member 10003 is that the driver sitting 
in one of the front seats D has to view behind with his or her 

25 own eyes. Note that, if the reflecting member 10003 is mounted 



at a position so as not to obstruct the driver in checking behind, 
a total reflection mirror is preferably used as the reflecting 
member 10003. With this, the viewers sitting in the rear seats E 
can view high quality images . 
5 [0267] The supporting member 10004 is mounted on the vehicle A 
to rotatably support the reflecting member 10003 for rotation about 
the three axes of the X, Y , and Z axes , for example . Alternatively, 
the supporting member 10004 can be structured so as to be able 
to change the position of the reflecting member 10003 in a 

10 three-dimensional space specified by the X, Y, and Z axes. Such 
a position-changeable structure allows the reflecting member 10003 
to stand still at a position so as not to obstruct the driver's 
view to the rear even if a total reflection mirror is used as the 
reflecting member 10003. 

15 [0268] The operation of the above- structured display system 
is described below. First, the projector 10001 performs image 
processingonafirst image (video) signal indicative of an original 
image given from a video source (not shown) to generate a second 
image (video) signal indicative of an image obtained by rotating 

20 the original image around the vertical axis by 180 degrees. 
Furthermore, based on the second image (video) signal, the 
projector 10001 generates a light beamL . At the time of generating 
the light beam L, the projector 10001 changes, as required, the 
intensity or brightness of the light beam L to be pro j ected therefrom . 

25 The projector 10001 then emits the light beam L generated in the 



above manner from a projection lens included in the projector 10001 
toward the screen 10002. 

[ 0269 ] The screen 10002 displays Images represented by the light 
beam L. At this time, the screen 10002 displays images not in 
5 a direction of the viewer but in a direction of the reflecting 
member 10003. That is, the screen 10002 reflects the incident 
light beam L toward the reflecting member 10003. 
[0270] The reflecting member 10003 reflects the light beam L 
entering via the screen 10002 toward the direction of the viewer. 
10 That is, through the reflecting member 10003, the viewer views 
the images generated by the video source (not shown) and displayed 
on the screen 10002 . 

[ 0271 ] As described above , according to the present embodiment , 
the viewer views virtual images on the reflecting member 10003 
15 to recognize the images generated by the video source. While 
viewing, the viewer's eyes are focusing not on the reflecting 
member 10003 but on a point farther away from the reflecting 
member 10003, which causes less eye strain. 

[0272] Furthermore, the present display device allows the 
20 viewer's eyes to focus on a point located farther, thereby 

preventing eye strain of the viewer even when images of a large 

size are displayed on the screen 10002. 

Still further, when a half mirror is used as the 

reflecting member 10003 , the driver can view the back of the vehicle 
25 with the half mirror even if the reflecting member 10003 is large. 



Therefore, the display system according to the present embodiment 
can provide images of a larger size to the viewer. 
[0273] In the present embodiment, the projector 10001 is 
exemplarily mounted between the front seats D and the rear seats E 
on the floor of the vehicle. This is not meant to be restrictive. 
Alternatively, the projector 10001 may be mounted inside the 
armrest positioned between the two rear seats E along the Y axis. 
Still alternatively, the projector 10001 may be mounted anywhere 
between those rear seats E or inside either one of the rear seats E . 
When the projector 10001 is mounted inside the arm rest or the 
rear seats E, for the purpose of protecting the projection lens 
of the projector 10001, a protective cover is preferably provided 
so as to cover an optical path of the light beam L when the 
projector 10001 is not in use. 

[0274] Also, in the present embodiment, the screen 10002 
displays an image based on the light beam L emitted from the 
projector 10001. This is not meant to be restrictive. 
Alternatively, a display device, such as a liquid crystal display, 
may be provided at the same position of the screen 10002. 
[0275] Furthermore, in the present embodiment , the reflecting 
member 10003 is supported by the supporting member 10004 extending 
from the floor side of the vehicle A. This is not meant to be 
restrictive. Alternatively, the supporting member 10004 may be 
extend from the ceiling C to the floor of the vehicle A to support 
the reflecting member 10003 at its end portion. 
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[0276] Still further, in the present embodiment, the 
projector 10001, the screen 10002 , and the reflecting member 10003 
are arranged along the vertical center plane of the vehicle A based 
on the assumption of viewers sitting in the two rear seats E. 
Alternatively, these components may be arranged on a right or left 
side with respect to the vertical center plane based on the 
assumption of only a viewer sitting in either one of the right 
and left rear seats E. 

[0277] Still further, in the present embodiment, the display 
system includes one projector 10001, one screen 10002, and one 
reflecting member 10003. This is not meant to be restrictive. 
Alternatively, the number of sets of the projector 10001, the 
screen 10002, and the reflecting member 10003 can be two or more 
depending on the number of rear seats E. 

[0278] For example, as illustrated in FIGS. 40 through 42, the 
display system may include a first projector 10001, a first 
screen 10002, a first reflecting member 10003 for the left rear 
seat E, and a second projector 10001, a second screen 10002, a 
second reflecting member 10003 for the right rear seat E. 
[0279] In these drawings, the first projector 10001 is mounted 
near the head rest of the left rear seat E (refer to FIGS. 40 and 41) 
or on the head rest of a left front seat D (refer to FIG. 42). 
Also, the second projector 10001 is mounted near the head rest 
of the right rear seat E (refer to FIGS. 40 and 41) or on the head 
rest of a right front seat D (refer to FIG. 42). 
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[0280] The first screen 10002 is exemplarily mounted on the 
ceiling C on a left side of a portion directly above a midpoint 
between the front seats D and the rear seats E. Also, the second 
screen 10002 is exemplarily mounted on the ceiling C on a right 
5 side of a portion directly above the midpoint. 

[0281] The first reflecting member 10003 is mounted on the head 
rest (refer to FIG. 40) or the back surf ace of the backrest (FIG. 41) 
of the left front seat D. Also, the second reflecting member 10003 
is mounted on the head rest (refer to FIG. 40) or the back surface 

10 of the back rest (FIG. 41) of the right front seat D. If space 
allows, the first and second reflecting members 10003 are 
preferably accommodated inside the relevant head rest or the 
relevant back rest when image viewing is not performed, and are 
taken out at the time of image viewing. Also, since being mounted 

15 on the above -described positions, these reflecting members 10003 
do not obstruct the entire or almost the entire driver's rear 
visibility. Therefore, these reflecting members 10003 are 
preferably implemented by total reflection mirrors. 
[0282] (First exemplary modification) 

20 FIG . 43 is a schematic illustration showing the structure 

of a display system according to a first exemplary modification 
of the third embodiment. FIG. 44 is a perspective view of the 
display system when viewed from the left rear angle of the vehicle A . 
As with the third embodiment , each of these drawings also shows 

25 an orthogonal coordinate system for the sake of convenience of 



description . 

[0283] In FIGS. 43 and 44 , the display system includes a display 
device 10007, a lens 10008, a first supporting member 10009, a 
reflecting member 100010, and a second supporting member 100011. 
5 [0284] The display device 10007 is mounted between two front 
seats D aligned along the Y axis and on a floor side of the vehicle. 
The display device 10007 mounted as described above is typically 
a liquid crystal display device for displaying an image based on 
an image (video) signal fed by a video source (not shown) . With 
10 this, the display device 10007 emits a light beam L representing 
an image . 

[0285] The lens 10008 is typically a Fresnel lens for diverging 
the light beam L emitted by the display device 10007 to form an 
image on the reflecting member 100010. The lens 10008 is mounted 

15 on the upper end of the second supporting member 100011 fixed to 
the perimeter of an image display surface of the display 
device 10007. The lens 10008 is preferably mounted at a height 
so as not to obstruct the rear visibility of the driver sitting 
in the front seat D. For example, the lens 10008 is mounted at 

20 a height lower than the upper end of a back rest of the front seat D . 
[0286] The first supporting member 10009 is made of a material 
having adequate stiffness, and extends to a predetermined height 
approximately in the Z axis direction from the perimeter of the 
display surface of the display unit 10007. Here, the first 

25 supporting member 10009 is mounted so as not to cross an optical 



path from the display device 10007 to the lens 10008. The 
lens 10008 is fixed to the upper end of the above-structured first 
supporting member 10009. Other than the above -described 
structure and function, in the present exemplary modification, 
5 the first supporting member 10009 can serve as a cover for covering 
the optical path of the light beam L from the display device 10007 
to the lens 10008. With this, the light beam L emitted by the 
display unit 10007 can be protected from external ambient light. 
[0287] The reflecting member 100010 is typically implemented 

10 by a half mirror, and is mounted at a position which allows viewers 
sitting in rear seats E to easily view images. By way of example, 
in the present exemplary modification , the reflecting member 100010 
is rotatably mounted on a ceiling C of the vehicle at a position 
directly above a midpoint between the front seats D and the rear 

15 seat E via the second supporting member 100011 for rotation about 
the Y axis . When the light beam L diverged by the lens 10008 enters , 
the reflecting member 100010 reflects the incident light beam L 
toward the viewers sitting in the rear seats E. Here, the reason 
why a half mirror is used as the reflecting member 100010 is that 

20 the driver has to view behind with his or her own eyes. Note that 
if the reflecting member 100010 is mounted at a position so as 
not to obstruct the driver in checking behind, a total reflection 
mirror is preferably used as the reflecting member 100010. With 
this, the viewers sitting in the rear seats E can view high quality 

25 images. 



[0288] The second supporting member 100011 is mounted on the 
ceiling of the vehicle A and rotatably supports the reflecting 
member 100010 about the Y axis , for example . The second supporting 
member 100010 may be structured so as to change the orientation 
5 of a reflection surface of the reflecting member 100010 in a 
three-dimensional space specified by the X, Y Z axes. Such a 
position-changeable structure allows the reflecting member 100010 
to stand still at a position so as not to obstruct the driver's 
view to the rear even if a total reflection mirror is used as the 

10 reflecting member 100010. 

The operation of the above- structured display system 
is described below* First , the display device 10007 performs image 
processing on a first image signal indicative of an original image 
(video) given from a video source (not shown) to generate a second 

15 image (video) signal indicative of an image obtained by rotating 
the original image around the vertical axis by 180 degrees. 
Furthermore, based on the second image (video) signal, the display 
device 10007 displays an image, thereby emitting a light beam L 
representing the image. At the time of displaying the image, the 

20 display unit 10007 changes, as required, the brightness or 
luminance of the display image. The light beam L emitted in the 
above manner is propagated through an optical path in the first 
supporting member 10009 to enter the lens 10008. 
[0289] The lens 10008 diverges the incident light beam L to 

25 form an image on the reflecting member 100010. When the light 



beam L diverged by the lens 10008 enters, the reflecting 
member 100010 reflects the incident light beamL toward the viewers 
sitting in the rear seats E. 

[0290] As described above, also in the present exemplary 
5 modification, the viewer views virtual images reflected on the 
reflecting member 100010. This causes less eye strain for the 
viewers . 

[0291] The first supporting member 100010 is not restricted 
to those illustrated in FIGS . 43 and 44 , but may be those illustrated 

10 in FIGS. 45A and 45B. In FIG. 45, the first supporting 
member 100010 is a stick-like member having adequate stiffness 
for connecting the display device 10007 and the lens 10008 together. 
Also, preferably, in view of securing the optical path of the light 
beam L, the first supporting member 100010 is formed so as to have 

15 an appropriate shape. Still further, in FIG. 45B, the first 
supporting member 100010 is attached to the inside surfaces of 
each of the two front seats D aligned in the Y axis to support 
the lens 10008. The lens 10008 may be supported by a 
seat -fixed- type supporting units lib attached to the side surfaces 

20 of the driver's seat and the passenger's seat. 

Also , in the present exemplary modif icat ion , the display 
device 10007 is mounted between the two front seats D. This is 
not meant to be restrictive. Alternatively, the display 
device 10007 can be mounted anywhere in the vehicle A where 

25 appropriate. 
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[0292] Furthermore, in the present exemplary modification, the 
display device 10007, the lens 10008, and the reflecting 
member 100010 are arranged along the vertical center plane of the 
vehicle A based on the assumption of viewers sitting in the two 
5 rear seats E. Alternatively, these components may be arranged 
on a right or left side with respect to the vertical center plane 
based on the assumption of only a viewer sitting in either one 
of the right and left rear seats E, 

[0293] Still Further, in the present exemplary modification, 

10 the display device 10007 is placed on a floor side of the vehicle 
while the reflecting member 100010 is placed on a side of the 
ceiling C. This is not meant to be restrictive. Alternatively, 
the display device 10007 can be placed on the side of the ceiling C 
while the reflecting ember 100010 on the floor side. 

15 [0294] Still Further, in the present exemplary modification, 
the reflecting member 100010 is implemented by a half mirror or 
a total reflection mirror. This is not meant to be restrictive. 
Alternatively, the reflecting member 100010 may be a 
generally-known light-control mirror. The light-control mirror 

20 is externally given an electric impulse to change the transmittance 
of a visible light beam. More specifically, the reflecting 
member 100010 is provided with a control circuit (not shown) for 
adjusting the transmittance of a visible light beam. Based on 
an output signal from an optical sensor (not shown) for detecting 

25 brightness of the surrounding or the reflection surface, the 



control circuit generates a control signal for controlling the 
transmittance of a visible light beam, and feeds it to the 
light -control mirror. With this, the display system can provide 
images of appropriate brightness to the viewer. Note that, the 
5 light -control mirror can be applied to the third embodiment. 
[0295] The control circuit may control the transmittance of 
a visible light beam at the light-control mirror depending on the 
type of images currently being displayed. Alternatively, the 
control circuit may determine whether the vehicle A is traveling 

10 or not. If the driver of the vehicle A is in a situation where 
he or she is not required to view behind, the control circuit may 
control the transmittance of a visible light beam at the 
light -control mirror so that the transmittance is substantially 
zero. Furthermore, the control circuit may control the above 

1 5 transmittance depending on the preferences of the viewer ( s ) sitting 
in the rear seat(s) E. 

Still further , instead of the light -control mirror , the 
reflecting member 100010 may be implemented by a plurality of 
mirrors having different transmittances of a visible light beam. 

20 In this case, a switching mechanism for automatically selecting 
an appropriate mirror depending on the brightness of the 
surrounding or the reflection surface, or the type of the images 
has to be provided near the reflecting member 100010. 
[0296] (Second exemplary modification) 

25 FIG . 46 is a schematic illustration showing the structure 



of a display system according to a second exemplary modification 
of the third embodiment- FIG. 47 is a perspective view of the 
present display system when viewed from the left rear angle of 
the vehicle A . As with the third embodiment , each of these drawings 
5 also shows an orthogonal coordinate system for the sake of 
convenience of description. 

[0297] In FIGS. 46 and 47, the display system is mounted for 
each of the front seats D of the vehicle A, including a display 
device 100012, a first reflecting member 100013, and a second 

10 reflecting member 100014. 

Each of the display devices 100012 is mounted inside 
the relevant front seat D for displaying an image based on an image 
(video) signal fed from a video source (not shown). With this, 
the display device 100012 emits a light beam L representing an 

15 image to a predetermined direction. 

[0298] Each of the first reflecting members 100013 is preferably 
implemented by a total reflection mirror, and is mounted at a 
position so as to be able to reflect the light beam L emitted from 
the display device 100012 mounted on the relevant front seat D 

20 to the relevant second reflecting member 100014. 

[0299] Each of the second reflecting members 100014 is 
preferably implemented by a total reflection mirror , and is mounted 
at a position so as to be able to reflect the light beam L reflected 
by the relevant first reflecting member 100013 to a viewer sitting 

25 in a rear seat E. 
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[0300] The^operation of the above -structure display system is 
described below. First, the display device 100012 performs 
necessary image processing on the video signal fed from the video 
source (not shown) for displaying an image represented by the video 
5 signal. Consequently, the light beeun L representing the image 
is emitted from the display device 100012. When the light beam L 
emitted by the display device 100012 at the previous stage enters , 
the first reflecting member 100013 reflects the incident light 
beam L toward the second reflecting member 100014 . When the light 

10 beam L from the first reflecting member 100013 at the previous 
stage enters, the second reflecting member 100014 reflects the 
incident light beeun L toward the viewer sitting in the rear seat E. 
With this , the viewer sitting in the rear seat E can view images 
generated by the video source (not shown) through the second 

15 reflecting member 100014. 

[0301] As described above, in the present exemplary 
modification, the viewer views virtual images on the second 
reflecting member 100014 to recognize the images generated by the 
video source. While viewing, the viewer's eyes are focusing not 

20 on a point farther away from the second reflecting member 100014, 
which causes less eye strain. Also, in the present exemplary 
modification, by increasing the number of reflections, the focal 
point of the viewer can be moved still farther. This causes less 
eye strain of the viewer when viewing images of a large size. 

25 [0302] Still further, if the optical path from the display 




device 100012 to the second reflecting member 100014 cannot be 
secured, the first reflecting member 100013 and/or the second 
reflecting member 100014 may be mounted so as to be located outside 
the front seat D. 
5 [0303] (Third exemplary modification) 

FIG. 48 is a schematic illustration showing the structure 
of a display system according to a third exemplary modification 
of the third embodiment. FIG. 49 is a perspective view of the 
present display system when viewed from the left rear angle of 
10 the front seat D of the vehicle A. As with the third embodiment, 
each of these drawings also shows an orthogonal coordinate system 
for the sake of convenience of description. 

[0304] In FIGS. 48 and 49, the display system is preferably 
mounted for each of the front seats D of the vehicle A, including 

15 a display device 100015 , a first reflecting member 100016 , a first 
reflecting member 100017, a second reflecting member 100018, a 
second reflecting member 100019, and an operation panel 100020. 
[0305] Each of the display devices 100015 is similar to each 
of the display devices 100012,. and is therefore not described in 

20 detail herein. 

[0306] Each of the first supporting members 100016 is mounted 
on the rear surface of the back rest of the relevant front seat D 
or slight inside of the back rest from the rear surface, typically 
supporting the relevant first reflecting member 100017 about the 

25 Y axis. Alternatively, the first supporting member 100016 can 
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support the first reflecting member 100017 so as to be able to 
change the position of the first reflecting member 100017 in a 
three-dimensional space specified by the X, Y, and Z axes. 
[0307] The first reflecting member 100017 is supported by the 
5 first supporting member 100016. With this, the first reflecting 
member 100017 can be supported so as to be changed in position 
within the space limited by the movable range of the first supporting 
member 100016. The first reflecting member 100017 is preferably 
implemented by a total reflection mirror for reflecting the light 
10 beam L emitted from the display device 1000015 mounted on the 
relevant front seat D toward the relevant second reflecting 
member 100019. 

[0308] The second supporting member 100018 is mounted at a 
position which is on the rear surface of the back rest of the relevant 

15 front seat D or slightly inside of the back rest from the rear 
surface and is located closer to a side of the ceiling C than the 
first supporting member 100016 . Typically, the second supporting 
member 100018 supports the relevant second reflecting member 100019 
about the Y axis. Alternatively, the second supporting 

20 member 100020 may support the second reflecting member 100019 so 
as to change the position of the second reflecting member 100019 
in a three-dimensional space specified by the X, Y, and Z axes. 
[0309] The second reflecting member 100019 is supported by the 
second supporting member 100018 . With this , the second reflecting 

25 member 100019 can be supported so as to be changed in position 



within the space limited by the movable range of the second 
supporting member 100018. The second reflecting member 100019 
is preferably implemented by a total reflection mirror for 
reflecting the light beam L reflected by the first reflecting 
5 member 100017 toward the relevant rear seat E of the vehicle A. 
[0310] The operation panel 100020 protrudes from the upper end 
of the first reflecting member 100017 preferably to the positive 
direction of the X axis. The operation panel 100020 is provided 
with an input unit placed on a surface opposite to the rear seat E 
10 for performing various settings on the display device 100015. In 
the operation panel 100020 , the surface opposite to the rear seat E 
is formed with a non- translucent material prohibiting the viewer 
sitting in the rear seat E from directly viewing a display 
device 100015. 

15 [0311] The operation of the above -structured display system 
is described below. First, the display device 100015 performs 
necessary image processing on the video signal fed from the video 
source { not shown ) for displaying an image represented by the video 
signal. Consequently, the light beam L representing the image 

20 is emitted from the display device 100015. When the light beam L 
emitted by the display device 100015 at the previous stage enters, 
the first reflecting member 100017 reflects the incident light 
beam L toward the second reflecting member 100019 . When the light 
beam L from the first reflecting member 100017 at the previous 

25 stage enters, the second reflecting member 100019 reflects the 
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incident light beam L toward the viewer sitting in the rear seat E . 
With this, the viewer sitting in the rear seat E can view images 
generated by the video source (not shown) through the first and 
the second reflecting members 100017 and 100019. 
5 [0312] Also , when the viewer cannot view images appropriately, 
the viewer changes the orientation or the position of the first 
reflecting member 100017 and/or the second reflecting member 100019 
with his /her hand. Furthermore, the viewer operates the operation 
panel 100020 to control the brightness or color tone of the images 

10 from the display device 100015. 

[0313] As described above, as with the second exemplary 
modification, the viewer views virtual images on the second 
reflecting member 100019 in the present exemplary modification. 
This causes less eye strain. Also in the present exemplary 

15 modification, increasing the number of reflections of the light 
beam L causes less eye strain of the viewer when viewing images 
of a large size. 

[0314] Still further, in the present exemplary modification, 
the front seat D preferably has fonned therein a first space for 

20 accommodating the first reflecting member 100017 and a second space 
for accommodating the second reflecting member 100019 . Also, the 
first supporting member 100016 has a movable range to allow the 
first reflecting member 100017 to be accommodated in the first 
space, and the second supporting member 100018 has a movable range 

25 to allow the second reflecting member 100019 to be accommodated 
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in the second space. Therefore, when the viewer does not view 
images, the first and second reflecting members 100017 and 100019 
can be accommodated in the front seat D. With this, it is possible 
to provide a practical display system which does not obstruct the 
5 movement of the viewer(s) sitting in the rear seat(s) E. 

[0315] Also, the front seat D generally has a reclining 
mechanism. Therefore, the light beam L emitted from the display 
device 100015 changes in accordance with the tilt of the back rest 
of the front seat D. Therefore, a eye position and/or an 

10 orientation of a viewer's line of sight which is assumed to allow 
the viewer to easily view images is predefined. The eye position 
and/or the orientation of the viewer's line of sight is stored 
in a control circuit not shown. Preferably, the control circuit 
obtains the current tilt of the back rest of the front seat D with 

15 an angle sensor typified by a rotary encoder and then , in accordance 
with the obtained tilt, matches the direction to which the second 
reflecting member 100019 reflects the light beam L with the eye 
position and/or the orientation of the viewer ' s line of sight stored 
in advance . 

20 [0316] (Fourth exemplary modification) 

FIG . 50 is a schematic illustration showing the structure 
of a display system according to a fourth exemplary modification 
of the third embodiment when viewed from behind the vehicle A. 
As with the third embodiment, FIG. 50 also shows an orthogonal 

25 coordinate system for the sake of convenience of description. 
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[0317] In FIG. 50, the display system is mounted preferably 
on the rear seat D (refer to a dotted portion) of the vehicle A, 
and includes display devices 100021 and reflecting members 100022. 
[0318] The display devices 100021 are mounted at approximately 
5 a midpoint between the two rear seats D aligned along the Y axis . 
One display device 100021 for the left rear seat D (hereinafter 
referred to as display device 100021L) displays an image based 
on a video signal fed from the a video source (not shown) . With 
this, the display device 100021L emits a light beam L representing 

10 the image from its mounting position toward one reflecting 
member 100022 mounted on a window for the left rear seat of the 
vehicle A (hereinafter referred to as reflecting member 100022L) . 
On the other hand, the other display device 100021 for the right 
rear seat D (hereinafter referred to as display device 100021R) 

15 is mounted at a position that is symmetrical to that of the display 
device 100021L with respect to the vertical center plane of the 
vehicle A, and emits a light beam L in a manner similar to the 
display device 100021L. 

[0319] Each of the reflecting members 100022 are implemented 
20 by light -control mirrors mounted on the windows for the rear seats . 
The light -control mirrors are as those have been described above. 
The reflecting member 100022L reflects the entire or part of the 
light beam L emitted by the display device 100021L to the viewer 
sitting in the left rear seat D . The other reflecting member 100022 
25 mounted on the window for the right rear seat (hereinafter referred 




to as reflecting member 100022R) is mounted at a position that 
is symmetrical to that of the display device 100021R with respect 
to the vertical center plane of the vehicle A, and reflects the 
entire or part of the light beam L emitted by the display 
5 device 100021R to the viewer sitting in the right rear seat D. 
[0320] With the above-described structure, according to the 
present exemplary modification , the viewer can view virtual Images 
reflected on the relevant reflecting member 100022 to recognize 
images generated by the video source . This causes less eye strain . 

10 [0321] The display devices 100021 may be mounted on the 
ceiling C. In this case, each of the display devices 100021 may 
emit the light beam L directly toward the relevant reflecting 
member 100022 . Alternatively, each of the display devices 100021 
may emit the light beam L via a total reflection mirror mounted 

15 on the vehicle A toward the relevant reflecting member 100022. 
[0322] Furthermore, the display systems according to the third 
embodiment and its exemplary modifications described above may 
be applied to a case of displaying videos representing the state 
of an open-air zoo park or a marine park. In this case, it is 

20 preferable in view of an entertainment aspect for the rear seat D 
that a virtual position in such a zoo park or a marine park be 
controlled to be changed in accordance with the position, 
orientation, and the speed of the vehicle A. 
[0323] (Fifth exemplary modification) 

25 FIG. 51 is a block diagram illustrating the structure 



of a display system according to a fifth exemplary modification 
of the third embodiment. The display system in FIG. 51 is similar 
to those in FIGS. 38 and 39 except that an angle sensor 100023 
is further provided and that the projector 10001 performs an image 
5 deforming process. Therefore, in FIG. 51, components 
corresponding to those illustrated in FIG. 38 and 39 are provided 
with the same reference numerals, and are not described herein. 
[0324] The angle sensor 100023 is implemented by a rotary 
encoder, for example, for detecting a rotation angle 0 formed by 

10 the reflecting member 10003 which can rotate around the Y axis, 
for example, with respect to a predetermined reference position, 
[0325] In order to project images subjected to a deforming 
process, the projector 10001 includes an image obtaining 
unit 100024, an image deforming unit 100025, and an optical 

15 system 100026. The image obtaining unit 100024 obtains from a 
video source not shown, an image signal representing an image to 
be projected. Based on the angle 0 detected by the angle 
sensor 100023, the image deforming unit 100025 deforms the image 
represented by the image signal obtained by the image obtaining 

20 unit 100024. The optical system 100026 generates a light beam L 
based on an image signal representing the image deformed by the 
image deforming unit 100025, and then projects the light beam L 
toward the reflecting member 10003. 

[0326] In the above- structured projector 10001, the image 
25 deforming unit performs a deforming process as described below. 
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First, as illustrated in FIG. 52, in a case where the reflecting 
member 10003 stands still at the reference position, that is, the 
angle 0 is zero, a display surface of the screen 10002 is taken 
as a quadrilateral having points A, B, C, and D, and a position 
5 of the viewer's eyes is taken as O. Then, the display surface 
of the screen 10002 after the reflecting member 10003 is rotated 
by the angle 6 is taken as a quadrilateral having points A' , B' , 
C, and D'. For the sake of convenience of description, it is 
assumed herein that the position of the viewer ' s eyes is not changed 

10 before and after rotation of the reflecting member 10003. 
Furthermore, optical distances from the viewing position O to the 
points A, B, A' , and B' are taken as distances a, b, a' , and b' , 
respectively. Under such assumptions , a = AQ + QO, b = BR + RO, 
a' =A'Q'+ Q'O, andb' = B'R' + R'O. Here , Q denotes an upper end 

15 of the image (light beam L) when the reflecting member 10003 is 
located at the reference position, while R denotes a lower end 
thereof. Also, Q' denotes an upper end of the image (light beam L) 

after the reflectingmember 10003 is rotated by the angle 0, while R' 
denotes a lower end thereof. 

20 [0327] Furthermore, when the image deforming unit 100025 does 
not deform the image and the projector 10001 is mounted vertically 
below the screen 10002, the image projected on the screen 10002 
has a rectangular shape . However, there is a difference in optical 
path length between the screen 10002 and the reflecting 

25 member 10003. Therefore, when the projector 10001 projects the 
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rectangular Image on the screen 10002, a deformed image is 
recognized by the viewer. Here, a point of intersection between 
diagonal lines in the projected image is taken as E, and a distance 
between each vertex of the projected image and the point of 
5 intersection E is taken as a known e. Under such an assumption, 
when the rotation angle 0 of the reflecting member 10003 is zero, 
the image deforming unit 10002 deforms the image obtained by the 
image obtaining unit 100024 as illustrated in FIG. 52. 
Specifically, in FIG. 52, BE = CE = e ' a/b holds. Therefore, 

10 the image deforming unit 100025 deforms the obtained rectangular 
image to an image in which a distance between the points B and E 
and a distance between the points C and E are both e • a/b. 
[0328] Also, when the rotation angle 0 of the reflecting 
member 10003 is other than zero, as illustrated in FIG. 53, the 

15 image deforming unit 100025 deforms the image obtained by the image 
obtaining unit 100024 to an image in which a distance between the 
points B' and E and a distance between the points C and E are 
both e • a'/b'. Here, the distances a' and b' are represented 
through a geometric operation only with the known a, b, and 0. 

20 Therefore , when the shape of the image with respect to the distances 
a and b when the reflecting member 10003 stands still at the reference 
position, the distance B'E (=.C'E) is represented by a function 
of 0. Therefore, by obtaining the angle 0 from the angle 
sensor 100023, the image deforming unit 100025 can deform the input 

25 image to an appropriate shape. 
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[0329] While the invention has been described in detail, the 
foregoing description is in all aspects illustrative and not 
restrictive. It is understood that numerous other modifications 
and variations can be devised without departing from the scope 
of the invention . 
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